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This paper is based upon a study of the kidneys from 20 cases of 
toxemia of pregnancy. Particular attention is given to the structural 
changes in the glomeruli. The effect of pregnancy upon preéxistent 
nephritis is also discussed. 

The clinical manifestations of the toxemias of pregnancy are so 
varied that it is difficult to arrange them in a logical classification. 
For the purposes of discussion, however, they may be divided into 
five groups: (1) typical eclampsia with convulsions; (2) eclampsia 
without convulsions; (3) preéclampsia; (4) hyperemesis gravidarum, 
and (5) pregnancy in association with preéxisting renal disease. 


1. TypricaAL ECLAMPSIA WITH CONVULSIONS 


The characteristic symptoms and signs in this disease are convul- 
sions, hypertension, albuminuria, edema, headache, visual disturb- 
ances, nausea and vomiting, vertigo, restlessness, and, especially in 
fatal cases, coma. These symptoms are by no means all present in 
every instance, and apparently no single symptom is necessary to 
establish the diagnosis of eclampsia, but, by definition, typical 
eclampsia includes only those cases where convulsions are present. 

The pathologist is justified in making a diagnosis of eclampsia if 
he finds hemorrhagic necroses in the liver in a case of pregnancy, 
but he cannot exclude eclampsia when no necrosis of the liver is 
found, since this lesion is occasionally absent. 


* Received for publication September 1, 1931. 
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In order to form a basis for the interpretation of the renal lesions 
which are described in this paper, the various features of eclampsia 
will be discussed in some detail. 

Hauch estimates the frequency of eclampsia in Denmark as 1 in- 
stance in every 569 births. Seitz gives a rate of about 1 to 500 in 
Germany. The rate in Baden over a period of fourteen years, ac- 
cording to Gessner, was 1 to 620. Hospital statistics naturally show 
a greater frequency of eclampsia. Schmechel, at the Dresden 
Frauenklinik, found 238 instances of eclampsia in 27,340 births 
(1 to 110); Meyer-Wirz at Ziirich, 112 eclampsias in 13,139 births 
(1 to 117); and Strober at the Miinich Frauenklinik, 336 eclampsias 
in 46,711 births (1 to 139). Theobald states that eclampsia is very 
rare in Siam but he gives no statistics. 

Eclampsia is more frequent in primiparae than in multiparae. 
The usual hospital statistics show 70 to 80 per cent in primiparae. 
Strober, in 336 instances of eclampsia, found 71.1 per cent in primi- 
parae, and 28.8 per cent in multiparae. Biittner found reports of 
179 cases of eclampsia from all sources during a ten-year period in 
Mecklenburg-Schwerin. Of these 60.2 per cent were primiparae and 
39.8 per cent multiparae. He suggests that the higher percentage 
of multiparae in his statistics is due to the fact that this group is less 
inclined to go to the clinics than the primiparae. On the basis of the 
relative frequency of primiparous and multiparous births Biittner 
calculates that 1 instance of eclampsia occurs to every 220 to 270 
primiparous, and to every 1100 to 1300 multiparous births. The 
greater tendency to eclampsia in primiparae is well established but 
entirely unexplained. 

Period of Gestation: Eclampsia rarely develops before the fifth 
month of gestation. Fehling, in a survey of 516 cases, found only 
5 before the fifth month. A good survey of the literature of early 
eclampsia is given by Ebeler, who found reports of 55 cases before 
the fifth month. A few instances occurring in the second and third 
months are published. 

Fiith reviewed 56 published reports of early eclampsia. He states 
that there are only 11 postmortem reports, and that the details 
of even these are rather meager. Goedecke gives the following dis- 
tribution of 306 cases of eclampsia, based on the weight of the fetus: 
2-3rd month, 1; 5-6th month, 13; 6-7th month, 39; 7-8th month, 
53; 8-gth month, 85; 9-10th month, 38; full term, 77 cases. In 
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an analysis of 384 cases Goedecke found that the first convulsion 
occurred postpartum in 70 (18.2 per cent). Peckham, in a report 
of 77 cases, found that 38 began antepartum, 24 intrapartum, and 
15 postpartum. Schmechel grouped 238 cases as follows: antepar- 
tum 26, intra- and postpartum 184, and postpartum 28. Meyer- 
Wirz reported 62 antepartum, 32 intrapartum, and 23 postpartum. 
Strober, in a study of 336 cases of eclampsia, found that 80 began 
antepartum, 189 intrapartum, and 67 postpartum. It is not clear 
in any of these statistics how often preéclamptic symptoms were 
present before labor in the group in which the first convulsion 
occurred postpartum. 

It is to be noted that eclampsia develops in the vast majority of 
instances after the fetus and placenta have attained considerable 
size. It is estimated that the symptoms are relieved by emptying 
the uterus in over 50 per cent of the cases. The fact that, in at least 
10 per cent, the symptoms first appear postpartum might be ex- 
plained as a delayed action of the hypothetical toxin, since eclampsia 
rarely sets in later than twenty-four hours after labor. 

Eclampsia may develop as a complication of extrauterine preg- 
nancy (Ebeler), or of ovarian pregnancy (Luniewski). 

Wigger reported a case with eclampsia resulting from a hydati- 
form mole, and gives references to 8 other similar cases. The 
occurrence of eclampsia in association with moles indicates that if 
a toxic substance causes eclampsia it is to be sought for in the pla- 
centa rather than in the fetus. 

Onset: Seitz states that in about 80 per cent of cases of eclampsia 
preéclamptic symptoms are present before the onset of convulsions. 
Wolff and Zade also find a gradual onset of symptoms in the usual 
case. But there is a less frequent type with sudden violent onset in 
which few or no warning symptoms are noted. 

Recurrence: Hinselmann, 1924, from a survey of 10,000 cases of 
eclampsia collected from the literature, concluded that it recurs in 
about 1.92 per cent of subsequent pregnancies. On this basis, if we 
accept the incidence of eclampsia as 1 to 500 pregnancies, eclampsia 
is about ten times as frequent in those who have had a previous 
attack. 

Some recent writers find a rather high incidence of recurrent 
eclampsia and toxemia. Schmechel, 1929, traced 83 women who 
had had pregnancies subsequent to eclampsia. Of these, 35 (42 per 
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cent) had normal pregnancies; 33 (40 per cent) had preéclamptic 
symptoms; and 15 (18 per cent) had eclampsia. 58 per cent of the 
women had eclampsia or preéclampsia in a subsequent pregnancy. 

Young, 1929, traced 42 women who became pregnant again follow- 
ing an attack of eclampsia. In the 60 gestations which occurred, 
there were 3 instances of eclampsia, 15 of albuminuria and 6 of 
abortion, hemorrhage or premature labor. Complications occurred 
in about 40 per cent, but the recurrence of typical eclampsia was low. 

Apparently a woman who has had an attack of eclampsia runs a 
great risk of developing some form of toxemia in a subsequent preg- 
nancy, although typical eclampsia does not often recur. Some writ- 
ers attribute the predisposition to toxemia, following an attack of 
eclampsia, to renal injury, but this view has not been established. 

Convulsions: Convulsions are the characteristic feature of typical 
eclampsia, but the number of convulsions is very variable. Seitz, in 
a group of 147 cases, found 2 in which only one convulsion occurred. 
Some patients have tremors but not true convulsions. The con- 
vulsive attacks commonly follow the preéclamptic symptoms, but 
occasionally they precede the other symptoms. The convulsions are 
commonly attributed to injuries of the central nervous system, and 
this view is supported by the frequent finding of small hemorrhages, 
areas of softening and thromboses in the brain. 

Convulsions are not a necessary part of the eclamptic picture. This 
topic will be discussed under “‘ Eclampsia without Convulsions.” 

Edema: Zangemeister has shown that slight edema of the ankles 
especially, is found at times in practically all pregnant women. It 
is apparently due to retention of water by the tissues and not to 
passive congestion. In general, a moderate edema without album- 
inuria or other preéclamptic symptoms is not of serious import. 
Albuminuria is usually present with severe edema. In many in- 
stances of eclampsia and preéclampsia, edema is inconspicuous or 
absent. Edema is apparently not due to renal injury, since it com- 
monly precedes albuminuria. Zangemeister believes that general- 
ized capillary injury with increased permeability is the underlying 
cause of this form of edema. However, there is no direct evidence 
of generalized capillary injury. The retention of fluid may be due 
to injury of the tissues with increased affinity for water. 

The Urine: Albumin is found in the urine in practically all in- 
stances of eclampsia. Usually it is found in large amounts, but occa- 
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sionally there is only a trace. In rare instances it first appears late 
in the illness after the convulsions (Theobald), and then only in 
small amounts. Cases have also been reported in which no albumin 
was found at any time either before or after the convulsions (Goe- 
decke, Hiess and Beckmann, Austin, Meyer-Wirz, and Breuning). 
Albumin may appear in the urine or increase greatly in amount 
within a short time, so that repeated examinations are necessary to 
exclude its presence. However, it is well established that convul- 
sions and hypertension may precede albuminuria. 

There is usually a moderate oliguria during eclampsia. Some- 
times only a little urine is excreted. In the rare form with cortical 
necrosis of the kidneys there is marked oliguria or anuria. 

Erythrocytes are often found in the urine in increased numbers, 
but they are seldom as numerous as in acute glomerulonephritis. 
Gross hematuria is not often seen except in association with cortical 
necrosis. The presence of blood in the urine is, however, not incon- 
sistent with the eclamptic kidney. 

Blood Pressure: Hypertension is an almost constant symptom of 
eclampsia. Schwarz states that he has never seen an instance of 
eclampsia or preéclampsia without hypertension. Seitz, however, 
found 13 per cent of his patients with a systolic pressure below 
130 mm. Hg. He found the systolic pressure over 150 mm. Hg. in 
64 of 98 instances of eclampsia, and 30 of 35 instances of pre- 
eclampsia. Hiess and Beckmann reported 13 cases with no eleva- 
tion of blood pressure on repeated examinations. 

Heynemann calls attention to the marked lability of the blood 
pressure in eclampsia. A temporary hypertension is easily over- 
looked, especially when the patient is first seen late in the illness. 
Severe cases, particularly patients in coma, are apt to show a fall of 
blood pressure. In 8 of 56 cases which he studied carefully, the 
systolic blood pressure was not above 135 mm. Hg. The usual sys- 
tolic pressure is 150 to 1830 mm. Hg. Heynemann states that he 
has not seen a patient with pronounced preéclamptic symptoms who 
did not have hypertension. 

Hypertension precedes the convulsions in a vast majority of in- 
stances, but not invariably. Seitz cites 3 cases where convulsions 
preceded the rise of blood pressure. 

Kidney Function: The retention of water and sodium chloride in 
eclampsia is well known. A good discussion of the literature of 
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nitrogen retention in eclampsia is given by Heynemann. It is clear 
that the non-protein nitrogen of the blood is nearly always normal 
or only slightly elevated. Hiissy never found it above 50 mg. Seitz 
found the non-protein nitrogen above 40 mg. in about half his cases, 
and above 60 mg. in 1o per cent. Plass reports a slight rise in the 
non-protein nitrogen after delivery in normal patients, most marked 
during the first twenty-four hours after delivery. In the late toxem- 
ias of pregnancy this postpartum increase is accentuated. Plass is 
inclined to attribute the nitrogen increase to tissue retention rather 
than to renal insufficiency. However, as will be emphasized later, 
the glomerular lesions are sufficiently marked to account for some 
renal insufficiency. 


CasE REPORTS 


The following 14 cases are examples of typical eclampsia. 


CASE 1. (21-477) A woman apparently 35 to 40 years of age registered at a 
hotel and asked for a physician, who could not be located that evening. She was 
found unconscious in her room the next afternoon, November 5. The records 
of the hospital to which she was taken show high blood pressure and convul- 
sions. A dead fetus 48 cm. long was born without operative interference. Death 
Nov. 5, 1926, at 8 P.M. 


Postmortem Report: No edema; moderate jaundice; no excess 
fluid in serous cavities; small hemorrhages in the serous membranes; 
heart, weight 332 gm.; lungs normal; liver, extensive subcapsular 
hemorrhages, and many small hemorrhages on section. 

The kidneys weighed, together, 285 gm. The external surfaces 
were smooth. On section, the cortices were cloudy and of light yel- 
lowish brown color. 

Microscopically the glomeruli are slightly enlarged, and the 
capillaries are very narrow. There is a marked thickening of the 
capillary basement membrane. 


CASE 2. (25-120) Gravida 1. 31 years of age. Admitted Feb. 15, 1925. 
Duration of pregnancy, about five and a half months. She was seen by a physi- 
cian early in her pregnancy, and he told her that her kidneys were normal. 
Edema of the feet from time to time during the five weeks preceding admission. 
February 1, albumin +; blood pressure 120/80; no edema. February 5, blood 
pressure 125/92. February 15, admitted in coma; blood pressure 184/90; 
slight edema of the legs and ankles; faint yellowish tinge to the skin. Urine: 
albumin +-+-+-+, many hyaline and granular casts. Definite oliguria. Four 
ounces of urine removed by catheter showed a specific gravity of 1034. Temper- 
ature ranged from 99 to 103° F. Spontaneous abortion shortly after admission. 
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She did not recover from the coma. She had three convulsions while in the 
hospital. Blood sugar 0.15 per cent; blood urea nitrogen 27 mg.; creatinin 
1.5 mg.; van Slyke 46. Death February 18. 


Postmortem Report: Edema of ankles; too cc. of clear fluid in 
each pleural cavity; 150 cc. in the pericardial cavity; no ascites; 
edema of lungs; heart, weight 300 gm.; liver, weight 1900 gm., 
subcapsular hemorrhages. 

The kidneys, together, weighed 300 gm. On section the cortices 
were very cloudy. The external surfaces were smooth. 

Microscopic examination shows anemic glomeruli, small capil- 
laries, marked thickening of the glomerular basement membrane of 
all glomerular capillaries and some increase of endothelial nuclei in 
a few tufts. 

CAsE 3. (25-289) Gravida III. 41 years of age. Admitted April 20, 1925, 
in the eighth month of pregnancy. She was clear mentally on admission and 
stated that she had been well until April 17, 1925, when she developed a severe 
headache. She had one convulsion April 20, before entering the hospital. She 
stated that she had had convulsions seven years ago during pregnancy. Respira- 
tions were 50 per minute, and pulse 120. Blood pressure 165/115. The urine 
showed a specific gravity of 1037, albumin ++-+-+, no sugar. She went into 


a convulsion about three hours after reaching the hospital and died a few 
minutes later. 


Postmortem Report: No edema; no jaundice; moderate excess of 
fluid in the serous cavities; heart, weight 390 gm.; moderate left 
ventricular hypertrophy, no endocarditis, normal valves; edema of 
lungs; liver, weight 2180 gm., fatty, many hemorrhagic necroses; 
uterus contained a 2660 gm. fetus; multiple adenomas of thyroid. 

The kidneys weighed 200 gm. and 190 gm. respectively. The ex- 
ternal surfaces were smooth, the cortices cloudy. 

Microscopically the kidneys show changes of unusual interest. 
The most impressive feature is tubular atrophy which involves over 
four-fifths of all the tubules. The atrophy varies from a slight de- 
crease in size to almost complete disappearance of the tubules. The 
glomeruli associated with normal-sized tubules show only the acute 
changes of eclampsia, that is, thickening of the capillary basement 
membrane, but all the other glomeruli show various degrees of oblit- 
eration. Fully 20 per cent of the glomeruli are completely hyalinized 
and their tubules have almost disappeared (Fig. 2). The most com- 
mon glomerular lesion is a focal hyalinization (Figs. 3 and 4), which 
is somewhat similar to healed embolic glomerulonephritis. The 
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tubules associated with these partly obliterated glomeruli are 
atrophic, but not so small as those belonging to completely hyalin- 
ized glomeruli. There is some hyaline degeneration of the afferent 
arterioles, but this is not marked and is not responsible for the 
glomerular changes. 

The lesion does not resemble ordinary glomeruionephritis. The 
hyalinization is focal, there are no epithelial crescents and no leuco- 
cytes. There are also no enlarged glomeruli with endothelial pro- 
liferation such as one finds in chronic glomerulonephritis. 

There is no basis for a diagnosis of healed embolic glomerulo- 
nephritis since the heart valves and mural endocardium are entirely 
normal. 

All transitions are easily found between capillaries with thicken- 
ing of the capillary basement membrane and those that are com- 
pletely hyalinized. The process consists simply in progressive in- 
crease in the thickness of the basement membrane. 

The hyaline glomerular lesions are in all probability the result of 
the eclampsia seven years before death. 

Unfortunately there was no clinical study during the seven-year 
interval between the attacks of eclampsia, and consequently we do 
not know if this was clinically chronic renal disease. However, 
the left ventricular hypertrophy strongly suggests that hyperten- 
sion was present, and the extensive atrophy of the tubules of the 
kidney makes it certain that some renal insufficiency was present. 


Case 4. (25-771) Gravida 1. 40 years of age. Unmarried. Admitted 
Sept. 21, 1925, about eight and a half months pregnant. Nausea and vomiting 
throughout pregnancy, some headache for several months, edema of feet and 
hands past two or three weeks, almost total blindness past two or three days. 
September 21, blood pressure 226/150; scanty urine with heavy albuminuria; 
hemoglobin 75 per cent. September 22, vomiting; blood pressure 184/110; 
edema of legs, hands and eyelids; eyegrounds edematous; scanty urine which 
boiled solid; no convulsions; dilatation of cervix. September 23, fetus delivered 
by craniotomy; patient very restless; one convulsion during night. Death 
12.15 A.M., Sept. 24, 1925. 


Postmortem Report: Very obese, weight 250 lbs.; edema of legs, 
hands and eyelids; heart, weight 410 gm.; liver, weight 1970 gm., a 
few hemorrhagic necroses; no endometritis. 

The kidneys weighed 175 and 150 gm. respectively. The external 
surfaces were smooth, the cortices very cloudy. 

Microscopically erythrocytes are found in many tubules, having 
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escaped from deeply congested glomeruli. In general there is only a 
slight increase of endothelial nuclei, but a few tufts are occluded by 
endothelial cells. There is a moderate thickening of the capillary 
basement membrane in most of the glomeruli, but it is much less 
pronounced than in Case 14 (Fig. 5). 

CasE 5. (26-145) Gravida I. 18 years of age. Admitted Feb. 12, 1926, 
about six and a half months pregnant. Had morning sickness during the early 
months of pregnancy. About one week before admission she developed vomit- 
ing and headache. Vomited eight or nine times a day for the past five days. 
Had a slight convulsion at 8 p.m., February 11. Two hours after entrance she 
began having convulsions which soon became almost continuous. February 12, 
blood pressure 148/98; pulse 108; temperature 99.4° F.; edema of eyelids. 
Urine: specific gravity 1018, albumin ++++, sugar ++, many casts, 
erythrocytes and leucocytes, no acetone or diacetic acid. Blood: hemoglobin 
80 per cent, erythrocytes 4,560,000, leucocytes 24,000, 95 per cent polymorpho- 
nuclears. Blood urea nitrogen 24.3 mg.; creatinin 1.87 mg. February 13, in- 
duced labor with delivery of a premature dead fetus. Coma. Death 6.20 p.m. 


Postmortem Report: Slight edema of the legs; no jaundice; no ex- 
cess of fluid in the serous cavities; heart, weight 260 gm.; liver, 
cloudy, no gross areas of necrosis; multiple thromboses of the dural 
sinuses; purulent ethmoiditis. 

The kidneys weighed 120 and 125 gm. respectively. There was 
a slight dilatation of both pelves and both ureters. The external 
surfaces were smooth, the cortices cloudy. 

Microscopically there is a slight enlargement of the glomeruli with 
a moderate narrowing of the capillaries, which is caused mainly by 
an increase of endothelial cells. There is only a slight thickening of 
the capillary basement membrane. The glomerular structure is 
similar to that shown in Fig. 6. The associated infection may be 
responsible for the endothelial proliferation. 

CasE 6. (26-283) Gravida I. 17 years of age. First seen by a physician at 
8a.M., March 22, 1926, in the first stage of labor. Her blood pressure was 
150/110. She was delivered of a normal baby at 1.15 P.M. the same day and 
appeared normal at 3 p.m. At 4 P.M. she developed attacks of muscular twitch- 
ing with cyanosis and retraction of the head, and passed into coma. At 5 P.M. 
the blood pressure was 180 systolic. 4 ounces of urine removed by catheter 
showed a heavy deposit of albumin. At 9 P.M. 6 ounces of urine were removed 


by catheter. Death, which occurred at 3 A.M. March 23, was preceded by a 
typical convulsion. 


Postmortem Report: No edema; 200 cc. of clear fluid in the peri- 
toneal cavity; heart, weight 300 gm.; liver, weight 1300 gm., mul- 
tiple small hemorrhagic necroses. 
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The kidneys weighed 150 gm. each. There was moderate dilata- 
tion of the right pelvis and ureter. The external surfaces were 
smooth, the cortices cloudy. 

Microscopically there is moderate enlargement of the glomeruli 
with narrowing and occlusion of the capillaries, caused chiefly by 
increase of the endothelial cells, but partly by thickening of the 
capillary basement membrane. 


CasE 7. (26-725) Gravida I. 37 years of age. Admitted Aug. 4, 1926, in 
coma, about six and a half months pregnant. Said to have been well until early 
in the morning of August 4. She had three or four convulsions before admission. 
Blood pressure 195/130. Urine: specific gravity 1016, albumin ++++, a 
few hyaline and granular casts, no sugar, a few red cells and many leucocytes. 
Leucocytes 22,900. Blood urea nitrogen 22.9 mg. Blood sugar 0.30 per cent. 
A bag was inserted to induce delivery, but the patient died undelivered within 
three hours after admission without regaining consciousness. 


Postmortem Report: No edema; slight icterus; too cc. of thin 
blood-tinged ascitic fluid; heart, weight 430 gm.; liver, weight 
1910 gm., fatty, many large hemorrhagic necroses; uterus contained 
a fetus weighing 840 gm. 

The kidneys weighed 190 and 185 gm. respectively. The external 
surfaces were smooth, the cortices pale with a yellowish tint. 

Microscopically the glomeruli are enlarged and anemic. There is 
a very marked narrowing of the capillaries produced by thickening 
of the capillary basement membrane. 


CAsE 8. (26-965) Multipara. 40 years of age. Under observation during 
the latter part of her pregnancy. Her blood pressure was elevated, as high as 
150 mm. Hg. at one time, and there was albumin in the urine. Labor started 
suddenly on Nov. 5, 1926, and the baby was born on the way to the hospital. 
The placenta was delivered in the hospital shortly after admission, at abovt 
4P.M. At 7P.M., November 5, she began to complain of abdominal pain and 
backache. About 9 p.m. she vomited undigested food and was very restless and 
uncomfortable. At 11 P.M. she complained of severe pain in the chest and 
dyspnea. At 11:30 P.M. muscular twitchings and rigidity of the muscles of the 
face were noted. There were four such attacks, each of which lasted about 
thirty seconds. These attacks were followed by severe convulsions and coma. 
Systolic blood pressure at this time was 220mm. Hg. At 6 A.M. November 6, 
she seemed conscious at intervals. Systolic blood pressure 135 mm. Hg. Ten 
ounces of urine removed by catheter at noon, November 6, showed albumin 
+++, many casts and erythrocytes. About 2 p.m. November 6, she went 
into coma again. Systolic blood pressure 200 mm. Hg. Death in coma 7:30A.M., 
Nov. 7, 1926. 


Postmortem Report: No edema; no jaundice; no excess of fluid in 
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the serous cavities except the pericardial, which contained 150 cc.; 
heart not enlarged; liver, extensive subcapsular hemorrhages. 
The kidneys showed smooth external surfaces and cloudy cortices. 
Microscopically the glomeruli are enlarged. There is a marked 
narrowing of the glomerular capillaries produced chiefly by thicken- 
ing of the capillary basement membrane. There is a slight increase 
of endothelial cells. 

CASE 9. (28-383) GravidaI. 18 years of age. Admitted March 11, 1928, near 
full term. No symptoms until March 10, 1928, when she complained of epi- 
gastric pain. On this date her systolic blood pressure was 170 mm. Hg., and 
the urine showed a large amount of albumin. On March 11, labor pains began. 
On March 12, noon, blood pressure 188/120; heavy albuminuria and casts. 
Labor began in the early afternoon. One convulsion at 6 P.M., and another 
at 8 p.m. Forceps delivery of dead infant. Death at 10:15 P.M., thirty minutes 
after completion of labor. 


Postmortem Report: Moderate edema of legs and labia; no fluid 
in serous cavities; heart, weight 300 gm.; liver, weight 2150 gm., 
numerous small hemorrhagic necroses. 

Each kidney weighed 150 gm. The external surfaces were smooth, 
the cortices soft and cloudy. 

Microscopically the glomeruli are enlarged and anemic. The 
narrowing of the capillaries is due to a marked thickening of the 
capillary basement membrane. 

CasE 10. (28-526) Gravida I. 38 years of age. Admitted April 12, 1928. 
Well until April 12, 4 A.M., when she suddenly developed a convulsion. No 
examination before this date. A catheterized specimen of urine boiled solid. 
Nine convulsions before admission. In coma when admitted. Pregnancy esti- 
mated at seventh month, slight edema, cervix moderately dilated. Blood pres- 
sure 200/80; one convulsion shortly after entrance to hospital. Blood pressure 
fell to 125/80. Urine: large amount of albumin and many casts. Hemoglobin 
85 per cent; erythrocytes 4,200,000; leucocytes 16,800. Blood urea nitrogen 
17.7 mg. On April 13, blood pressure could not be obtained, but after stimula- 
tion it rose to 230/110. Vorhees bag inserted. Dead fetus delivered spontane- 


ously at 9 p.M. Partial recovery of consciousness. April 14, marked oliguria, 
rapid fall of blood pressure. Death April 14, 1926. 


Postmortem Report: Achondrodysplasia; no edema; 750 cc. of 
ascitic fluid; heart, weight 220 gm.; terminal bronchopneumonia; 
liver, weight 1725 gm., fatty, multiple hemorrhagic necroses. 

The kidneys weighed 140 gm. each. The external surfaces were 
smooth, the cortices cloudy. 

Microscopically the glomeruli show narrow capillaries and very 
little blood. The narrowing is due chiefly to thickening of the capil- 
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lary basement membrane, but there is some increase of endothelial 
cells. 

CASE 11. (28-533) Gravidal. 25 years of age. Always in excellent health. 
Confinement expected April 20, 1928. Under constant observation during preg- 
nancy, and nothing abnormal found until April 12, when routine urine examina- 
tion revealed a moderate albuminuria. On this date no casts were found, and 
the systolic blood pressure was 120 mm. Hg. The patient was put to bed on a 
restricted diet. April 14, heavy albuminuria; puffiness about the eyes. On 
April 15, a severe headache developed and she was taken to a hospital. The 
first convulsion developed shortly after admission. Blood pressure 160 mm. 
Hg. systolic. There were five more convulsions within the next twenty-four 
hours, in spite of large doses of sedatives. Caesarian section was performed at 
10:30 A.M., April 16. Living child. Mother never regained consciousness. 
Death 6:20 a.m., April 17, 1928. 


Postmortem Report: No edema; 500 cc. of blood-tinged perito- 
neal fluid; 1000 cc. of clear fluid in each pleural cavity and 500 cc. in 
the pericardial cavity; marked edema of the lungs; distention of the 
stomach; heart, weight 350 gm.; no hemorrhages or necroses in the 
liver, cloudy swelling. 

The kidneys weighed 200 gm. and 175 gm. respectively. The ex- 
ternal surfaces were smooth. On section the cortices were cloudy 
and pale. 

Microscopically, the glomeruli are slightly enlarged and anemic. 
There is a marked increase of endothelial nuclei in the glomerular 
capillaries which is the chief cause of the narrowing (Fig. 6). How- 
ever, in some loops the thickening of the basement membrane is the 
main cause of the reduced caliber of the capillaries. 

This lesion bears a striking resemblance to acute glomerulone- 
phritis, but there are very few intracapillary fibers, no leucocytes, 
and no epithelial crescents. 

CASE 12. (28-1228) Gravida VII. 39 years of age. According to her hus- 
band’s statement, she had been fairly well during this pregnancy, except for 
occasional headaches. When he left home in the morning she said that she did 
not feel well. When he returned from work that evening he found her uncon- 
scious. A little later there was a precipitate spontaneous delivery of a dead 
infant. About eighteen hours after labor she was brought to the hospital. Upon 


admission she was in deep coma. Death occurred about ten minutes after ad- 
mission. 


Postmortem Report: Slight edema of legs; no jaundice; 500 cc. of 
clear fluid in the right pleural cavity; heart, weight 420 gm.; edema 
of right lung; liver, weight 2950 gm., fatty, numerous hemorrhagic 
necroses on section; no endometritis. 
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Kidneys weighed 200 and 205 gm. respectively. The external 
surfaces were smooth, the cortices cloudy. 

Microscopically the glomeruli are moderately enlarged, and their 
capillaries are markedly narrowed. There is a marked thickening 
of the capillary basement membrane and some increase of endo- 
thelial cells. The changes are due chiefly to thickening of the base- 
ment membrane. 


CASE 13. (30-318) 28 years of age. Confinement expected March 22, 1930. 
She had been under the constant care of a physician since Sept. 6, 1929. Nu- 
merous readings showed a range of the systolic blood pressure from 124 to 138 
mm. Hg. The last reading, on February 21, was 138/80. Many examinations of 
the urine had been made, and occasionally a trace of albumin was found, but 
there was no albumin at the last test on February 21. She was visiting with 
friends on the evening of February 27, and was apparently well, but was found 
dead on Feb. 28, 1930. 


Postmortem Report: No edema; no jaundice; the tongue was pro- 
truding and caught between the teeth; no excess of fluid in the serous 
cavities; heart, weight 355 gm.; liver, weight 1950 gm., fatty, nu- 
merous hemorrhagic necroses; 44 cm. fetus in the uterus; postmor- 
tem urine specimen showed abundant albumin. 

The kidneys weighed 145 and 120 gm. respectively. The external 
surfaces were smooth, the cortices cloudy. 

Microscopically, the glomeruli are slightly enlarged and the 
glomerular capillaries are very small. The narrowing of the capil- 
laries is caused by a marked thickening of the capillary basement 
membrane. 


Case 14.* (31-476) Gravida 1. 18 years of age. When first examined, 
June 21, the patient was at full term and labor had begun. There was moderate 
edema of the lower extremities, and the blood pressure was 150/100. No head- 
ache, nausea, or other toxic symptoms. The urine showed albumin +++. 
She was put to bed under treatment. At 4:30 P.M., June 21, she had a convul- 
sion. Sedatives were administered. At 6 A.M., June 22, a second convulsion 
occurred. She became semiconscious, blood pressure 150/95. She had another 
convulsion during the forenoon. At 3 p.m. the cervix was fully dilated. A 
full term stillborn infant was delivered with low forceps. June 23, somewhat 
stuporous; deepening jaundice; edema slightly more pronounced; pulse 100; 
temperature 99 to 100° F. Glucose was given intravenously as on the previous 
day. Alkaline reserve 53. Hemoglobin 60 per cent. The urine, by catheter, 
showed albumin ++++, sugar, a few red cells, no casts, no acetone. Blood 
pressure 148/98. The total fluid intake from 7 A.M. June 23 to 7 A.M. June 24 


* This case was made available through the courtesy of Dr. Warren C. Hunter, of 
Portland, Oregon. 
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was 2220 cc., and the total output of urine during this twenty-four hour period 
was 205 Cc. 
Oe June 24, the patient seemed improved. There was very little stupor. Edema 
‘; and jaundice unchanged. Blood pressure 148/98 to 152/64. Therapy: glucose, 
a. sodium bicarbonate, diuretin. Fluid intake 4680 cc.; urine 330 cc.; albumin+-+. 
ap June 25, fluid intake 7100 cc.; urine 220 cc. Blood pressure 148/60. Tem- 
perature 101.6° F.; pulse 120. 
June 26. Therapy: glucose; alkali discontinued since alkali reserve had risen 
a to 140. Fluid intake 4600 cc.; urine 100 cc. 
he June 27. One hour after administration of glucose the blood sugar was 
me 413 mg., and the alkali reserve 147. Insulin was given. Temperature 103.8° F.; 
pulse 120. Fluid intake 1740 cc.; urine 66 cc. The patient gradually became 
“4 weaker and died at 4 A.M., June 28. 
Postmortem Report: Severe jaundice; slight pitting edema of the 
i * ankles; ascites, 3000 cc.; marked bilateral hydrothorax; atelectasis 
oe of lungs; heart, weight 280 gm., no gross disease; liver, weight 
2010 gm., numerous areas of hemorrhagic and anemic necrosis, 
fatty; cystitis; no endometritis. 
The combined weight of the kidneys was 480 gm. The external 
surfaces were smooth. On section the cortices were pale and moist. 
Microscopically the glomeruli are all moderately enlarged and 
anemic. There is a striking increase in the thickness of the capillary 
basement membrane (Fig. 5). The endothelial nuclei are not defi- 
nitely increased in number. No fat is demonstrable in sections 
stained with Sudan ITI. 


Anatomical Changes in Eclampsia 


The Liver: A comprehensive review of the changes in the liver in 
ie, eclampsia may be found in Fahr’s article in Hinselmann’s mono- 
se graph. Only a brief summary need be given here, since this paper 
deals primarily with the renal lesions only. Degenerative lesions of 
some type are found in the liver almost constantly. The character- 
istic gross lesions are irregular areas of hemorrhage associated with 
= necrosis or atrophy of the liver cords (hemorrhagic necrosis) and 
small areas of anemic necrosis. These macroscopic lesions are found 
o only in eclampsia, and a diagnosis of eclampsia may be made on 
their presence, even in the absence of clinical signs of eclampsia. 
However, macroscopic necrotic lesions are not always present. 
=e Many writers report them absent in a notable percentage. In 2 of 
Re our 14 Cases, no gross necroses were found. However, when a thor- 
Be ough microscopic examination is made, as has been emphasized by 
Lubarsch, Schmorl, and Fahr, necrosis and degeneration of the liver 
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cords are seldom entirely absent. Cloudy swelling and fatty degen- 
eration of the hepatic cords are also found frequently. Fibrin 
thrombi in the small branches of the portal vein and areas of capil- 
lary ectasia with atrophy of the enclosed hepatic cords are com- 
monly present. Thrombosis of small vessels seems sufficient to 
account for the areas of necrosis and hemorrhage, but the diffuse 
injury of the hepatic cells is best explained as the effect of a circu- 
lating toxic substance. 

The Kidneys: The kidneys are affected in practically all cases of 
eclampsia. There are occasional reports in the literature in which 
the kidneys are described as normal. Seven out of 368 cases re- 
viewed by Prutz, 1897, were considered normal. Fahr is inclined 
to doubt reports of normal kidneys in eclampsia, and it is evident 
that no such report should be accepted unless a careful macro- 
scopic and microscopic examination has been made. However, in 
view of the rare instances of eclampsia without albuminuria, it 
seems possible that the kidneys may escape injury in exceptional 
instances. 

The macroscopic changes are constant and easily recognized. 
Aside from the rare cortical necroses, which will be discussed sepa- 
rately, the only change is cloudy swelling. The kidneys are usually 
slightly enlarged and their external surfaces are smooth. On section 
the cortices are pale and cloudy and occasionally a yellowish tinge 
is noted. There is some variation in the intensity of the cloudy 
swelling in different instances. The macroscopic changes are there- 
fore not pathognomonic of eclampsia, the same lesion being found 
in a large number of toxic and infectious processes. 

On microscopic examination the tubules show the changes char- 
acteristic of cloudy swelling. The cells of the secreting tubules are 
usually somewhat swollen and often they contain small fat droplets. 
In the lumina of the tubules, casts and precipitated albumin are 
usually observed. Fahr emphasizes the importance of hemoglobin 
in the casts. In the more severe injuries there may be some evidence 
of necrosis and degeneration of some of the tubular epithelium. The 
tubular lesion is likewise not peculiar to eclampsia. It is the typical 
effect of toxins or toxic substances in the circulating blood, but it 
may also result from anemia caused by spasm of the renal arteries. 

The Glomerular Lesions: Pels-Leusden, 1895, recognized clearly 
that the glomeruli are especially involved in eclampsia. It is true 
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that he regarded the lesion as acute glomerulonephritis, but he 
noted that the glomeruli are enlarged and pale and contain only a 
little blood. 

Schmorl, 1902, described hyaline thromboses in the glomerular 
capillaries. Fahr pointed out later that this lesion occurs only in- 
frequently. It was not found in any of our cases. Schmorl disagreed 
with the prevalent view at that time that the eclamptic kidney in- 
dicates glomerulonephritis. 

Lohlein, 1918, gave the first concise and accurate description of 
the characteristic glomerular lesion in eclampsia. He noted thicken- 
ing of the walls of the glomerular capillaries, decrease of erythro- 
cytes, swelling of the glomerular epithelium and a slight increase of 
intracapillary cells. He stated that the lesion suggests glomerulo- 
nephritis but is different. Léhlein did not accept ‘‘nephrosis” as an 
entity, and it is not clear whether he regarded this glomerular change 
as degenerative or inflammatory. 

Fahr, 1920 and 1924, has given accurate descriptions and illus- 
trations of the glomeruli in eclampsia. He described thickening of 
the capillary walls with clumping and fusion of the loops, and even- 
tually hyalinization of some of the tufts. No increase of glomerular 
nuclei was found as a rule, but there were some exceptions. Fahr 
considers this glomerular lesion peculiar to eclampsia, and calls it a 
glomerulonephrosis. He interprets it as a degenerative change and 
believes that it is best explained by the toxic theory of eclampsia. 

Pohl, 1927, noted the enlargement of the glomeruli, but did not 
comment upon their structure. 

My own observations are in almost full accord with those of 
Lohlein and Fahr, but I have succeeded in showing the structural 
changes in the glomeruli in greater detail by means of a special stain. 
In sections stained with hematoxylin and eosin, the glomeruli at- 
tract attention by reason of their slightly hyaline appearance and 
their small empty capillaries (Fig. 1). The increase in size is usually 
only moderate, but sometimes quite pronounced. As a rule there is 
no increase in the number of nuclei, but in some kidneys a definite 
increase is observed. Under high magnification a marked thickening 
of the walls of the capillaries is readily seen, as has been described 
by Lohlein and Fahr. No capillary thrombi were found in any of 
my cases. 

The detailed structure of the glomerulus is brought out in a re- 
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markable way by the azo-carmine stain. The technique of this stain 
has been published by McGregor, and the reader is referred to her 
articles for its application to the normal glomerulus and glomerulo- 
nephritis. The great advantage of this stain is that it demonstrates 
the capillary basement membrane sharply and affords an easy dis- 
tinction between endothelial and epithelial cells. The endothelial 
cells lie on the inner surface of the membrane, and the glomerular 
epithelial cells on its outer surface. 

When the azo-carmine stain is applied to the glomerulus in 
eclampsia, it is easily seen that the thickening of the capillary wall 
is due, almost entirely, to a massive thickening of the capillary 
basement membrane (Fig. 5). The glomerular epithelial cells are 
only slightly altered. Occasionally they contain fine droplets of 
fat or hyaline granules, but they show no evidence of proliferation. 
As a rule the endothelial nuclei are slightly increased in number. 
The narrowing of the lumina of the capillaries is evidently due, 
usually, to thickening of the capillary basement membrane. The 
capillaries are rarely completely obstructed, but in some tufts their 
thickened walls are in contact and they seem to be totally occluded. 
Capillaries of this type appear hyaline in hematoxylin-eosin prepa- 
rations. 

The degree of thickening of the capillary basement membrane is 
fairly uniform in all the capillaries of all the glomeruli in each indi- 
vidual case, but it varies in different cases. In the 17 cases which 
showed thickening of the basement membrane, it was moderately 
thickened in 2 and markedly so in ts. 

The thickened basement membrane is not a homogeneous struc- 
ture. It is composed of parallel layers (Fig. 5). The thickening 
cannot be interpreted as a simple swelling (edema). It must repre- 
sent an increase of substance in the membrane. There is no ana- 
tomical explanation of its increased permeability. 

In 3 cases the increase of endothelial nuclei is striking (Fig. 6), 
and a definite but moderate increase was noted in 2 others. The 
endothelial nuclei lie on the inner surface of the basement mem- 
brane, and are easily distinguished from the epithelial cells. Where 
the endothelial nuclei are notably increased, the thickening of the 
basement membrane is correspondingly less pronounced. 

Fahr thinks it possible that the endothelial increase is due to a 
complicating infectious process, and not to eclampsia per se. How- 
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ever, if a toxic substance is concerned in eclampsia there is no sound 
reason for believing that it cannot cause an increase of glomerular 
endothelium. Hyperplasia of the glomerular endothelium is by no 
means limited to clinical glomerulonephritis, but is found in varying 
degree in a wide variety of infectious processes. 

There are, however, striking differences between the eclamptic 
glomerulus and clinical acute glomerulonephritis, even when the 
former shows a notable increase of endothelial nuclei. The glomeruli 
in eclampsia are smaller, the basement membrane is much thicker, 
there are no polymorphonuclear leucocytes, no intracapillary fibers 
and no epithelial crescents. In glomerulonephritis there is much 
more cytoplasm about the endothelial nuclei. The two types of 
glomeruli may be distinguished without difficulty. 

Fahr mentions small patches of hyaline degeneration in the affer- 
ent glomerular arterioles as an occasional finding. In 2 of my cases 
a slight arteriolar sclerosis was found. 

Symmetrical Necrosis of the Cortex of the Kidneys: The first case 
of this kind was described by Bradford and Lawrence in 1898, and 
since that time 17 similar cases have been reported: Schuppel, 1904; 
Lloyd, 1906; Griffith and Herringham, 1906; Klotz, 1908; Jardine 
and Teacher, 1911, 2 cases; Torrens, 1911; Jardine and Kennedy, 
1913, 3 cases; Herzog, 1913; Rolleston, 1913; Glynn and Briggs, 
1914-1915; Jardine and Kennedy, 1920; Cruickshank, 1923; Geipel, 
1925; and Carson and Rockwood, 1926. Poten’s case, 1906, prob- 
ably belongs to this group. 

The outstanding clinical features are preéclamptic symptoms with 
or without convulsions, followed by severe oliguria or complete 
anuria, and ending in death within a few days. Ten of the reported 
cases were in multiparae, and 6 in primiparae. Age seems to be of 
no significance. In 8 cases no convulsions are mentioned, an unusu- 
ally large proportion of “eclampsia without convulsions.’’ However, 
definite preéclamptic symptoms are described in every instance. 
The stage of gestation varies from three and a half months to full 
term. Typical uremic symptoms are commonly absent. The scanty 
urine contains blood, albumin and casts. 

Macroscopic necrosis of the liver was noted in 3 cases. In 6 cases 
it is clearly stated that no macroscopic necrosis was present, but in 
3 of these the liver was fatty. The frequent absence of convulsions 
and typical necrosis of the liver raises a doubt as to whether this 
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group should be classified as eclampsia. They are truly not all 
typical eclampsia, but they may at least be grouped with pre- 
eclampsia on the basis of the clinical symptoms. 

The kidneys in every case are similar. There is an almost com- 
plete necrosis of the cortices of both kidneys. There is thrombosis 
of the interlobular arteries and usually of the vasa afferentia also. 
Sometimes the thrombosis extends into the glomerular capillaries. 
The large branches of the renal arteries are free from thrombi. The 
prevailing opinion is that the thrombosis is primary and that the 
necrosis results from infarction. This interpretation is strongly 
supported by the finding of a thin layer of living cortex immediately 
under the capsule which is supplied by anastomoses with capsular 
arteries. Preéxisting disease of the renal arteries is described in 
some cases, but this is inconstant and apparently unrelated to the 
thrombosis. The cause of the thrombosis is not known, but it is best 
explained as a result of a toxic substance or a coagulant in the circu- 
lating blood. 


2. ECLAMPSIA WITHOUT CONVULSIONS 


This group includes fatal toxemias, usually with some preéclamp- 
tic symptoms, but without convulsions. The diagnosis is established 
by the finding of typical necrosis of the liver at postmortem. 

Ordinarily there is not much justification for this subgroup of 
eclampsia. Cases are frequently reported in which only one con- 
vulsion occurred (see Case 4); and others are reported where mus- 
cular twitchings but not true convulsions were present. The follow- 
ing protocol records a case which differs clinically in no way from 
typical eclampsia, except in the absence of convulsions. 

CASE 15. (30-1395) Para II. Negress, 37 years of age. Admitted Sept. rs, 
1930, about seven months pregnant. Moderate nausea and vomiting during 
first three months. No symptoms after the third month until the day of ad- 
mission, when she began to vomit. No visual disturbance. About six weeks 
before admission a physician took her blood pressure and told her it was high. 
September 15, blood pressure 266/180; slight edema of lower extremities. Sep- 
tember 16, coma; blood pressure 170/80. Urine: large amount of albumin, 
large number of erythrocytes (gross hematuria), specific gravity 1020. Blood 
urea nitrogen 33 mg.; creatinin 3.3 mg. The eyegrounds showed some old and 
some recent hemorrhages, and some edema of the disc. Temperature, 104° F. 
No convulsions. Death Sept. 16, 1930. 


Postmortem Report: Moderate edema of the lower extremities; 
no jaundice; a little excess of fluid in the serous cavities; heart, 
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weight 306 gm.; bilateral bronchopneumonia; liver, weight 1384 gm., 
fatty, many areas of hemorrhagic necrosis; uterus contained a 
37 cm. fetus. 

The kidneys weighed 180 and 164 gm. respectively. The external 
surfaces were smooth. The cortices were pale with a yellowish 
tinge. 

Microscopically the glomeruli are enlarged and anemic. Small 
patches of hyalin are seen in the arterioles and glomeruli. There is 
a very marked narrowing of the glomerular capillaries produced by 
thickening of the capillary basement membrane. There is a slight 
increase of endothelial cells. 

It may be contended that this is an instance of pregnancy in a 
woman with primary hypertension, since there is a slight renal 
arteriolar sclerosis, but the presence of hemorrhagic necroses in the 
liver establishes the disease as eclampsia. Primary hypertension as 
a complicating influence cannot be excluded. 

The following case is, in all probability, eclampsia, although con- 
vulsions and necrosis of the liver are both absent. 


Case 16. (30-1760) Gravida 1. Last menstrual period March 1, 1930. 
May, 1930, a trace of albumin was found in the urine. August, 1930, trace of 
albumin in the urine, no other signs of toxemia; blood pressure 118/70. In the 
next two months there was a steady increase of albumin. November 18, al- 
bumin +++, a few casts and erythrocytes; blood pressure 170/108. Novem- 
ber 25 labor was induced, but the patient died undelivered. There were no 
convulsions. 


Postmortem Report: Edema of one leg; no excess fluid in the serous 
cavities; heart, weight 350 gm., acute rheumatic mitral endocarditis; 
liver, weight 2665 gm., cloudy swelling, no necroses; twin pregnancy, 
each fetus 47 cm. long. 

The kidneys weighed together 400 gm. The external surfaces 
were smooth. The cortices were pale and cloudy on section. 

Microscopically the glomeruli are definitely enlarged, and they 
contain practically no blood. There are no epithelial crescents. 
The greater number of glomeruli show only a little endothelial in- 
crease, but in a great many the increase of endothelial cells is very 
prominent. There is a striking thickening of the capillary basement 
membrane in all the glomeruli, such as is shown in Fig. 5, a lesion 
which is characteristic of eclampsia and not of glomerulonephritis. 
A few glomeruli show intracapillary fibers. 


ee 


RENAL LESIONS IN TOXEMIAS OF PREGNANCY 2I 


In view of the infection which was present, namely, rheumatic 
endocarditis, the endothelial increase and the intracapillary fibers. 
may be interpreted as a result of infection superimposed on an 
eclamptic kidney. It cannot be considered as acute glomerulone- 
phritis complicating pregnancy, since the lesions are chiefly of the 
eclamptic type. 

The two preceding cases are easily recognized clinically as belong- 
ing to the eclamptic group, but much more atypical cases are on 
record. 

Schmorl, 1902, called attention to a type of toxemia which differs 
sharply clinically from typical eclampsia, and is only recognized 
with certainty as eclampsia by the finding of necrosis of the liver at 
postmortem. It is convenient to designate this group as ‘“‘eclampsia 
without convulsions” or ‘‘atypical eclampsia.”’ Over 40 cases of 
this type have been reported. The literature on this topic will not 
be reviewed here. The reader is referred to the papers of Schmorl, 
Schmid, Ranzel, Liebmann, Pohl, Bock, and Wronski. 

The attack may develop before, during, or after labor. Usually 
there are some warning preéclamptic symptoms, but sometimes the 
patient sinks into coma or circulatory collapse without any previous 
signs of toxemia. In the complete absence of preéclamptic symp- 
toms, the diagnosis can hardly be established ante mortem. Al- 
bumin may be absent until shortly before death. The blood pressure 
tends to fall. 

The disease is recognized as eclampsia by the finding of the typical 
necroses of the liver. In some of the most atypical cases there is also 
a large intracranial hemorrhage. 

The kidneys in atypical eclampsia have not been studied in detail 
microscopically. The reports indicate that the same macroscopic 
changes are present as in typical eclampsia. 

It is to be noted that bilateral symmetrical necrosis of the cortex 
of the kidneys gives rise to an atypical clinical form of eclampsia. 


3. PREECLAMPSIA 


Preéclampsia is characterized by the presence of the symptoms 
and signs which usually precede the eclamptic convulsion. The 
most important of these are hypertension, albuminuria, visual dis- 
turbances, edema, headache, nausea and vomiting, vertigo, and so 
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on. The individual symptoms and signs vary greatly in their prom- 
inence in different cases. When severe visual disturbances are 
present there is great danger that convulsions will develop. Mod- 
erate edema without other preéclamptic symptoms is not of serious 
significance, and is probably not a true preéclamptic sign. 
Preéclampsia recurs oftener in subsequent pregnancies than typi- 
- cal eclampsia, and recovery from severe preéclampsia is apparently 
ra more prolonged. 
if The clinical phenomena indicate that the same type of lesion is 
present in preéclampsia as in typical eclampsia, although it is pre- 
me sumably less severe. Heynemann described a case of preéclampsia 
" in which death was due to premature separation of the placenta. 
Si The characteristic changes were present in the liver and kidneys. 
a Even the typical glomerular lesions were found. Heynemann states 
was that 6 similar cases have been reported. This would seem to estab- 
lish the essential identity of eclampsia and preéclampsia. Cases 15 
and 16 might well be classified as preéclampsia rather than as 
eclampsia without convulsions. 


a Changes in the Kidneys Subsequent to an Attack of Eclampsia 


What permanent damage, if any, does eclampsia produce in the 

kidneys? Is the acute glomerular lesion reversible or does it lead to 
partial or complete obliteration of glomeruli with atrophy of their 
corresponding tubules? Does a clinical chronic renal disease result 
from eclampsia; and, if so, what are its characteristic features? 
These are some of the questions to which we shall now direct our 
inquiry. 
A number of clinical reports deal with the question of chronic 
ne renal disease following eclampsia. Leyden, 1886, reports one case 
74 of chronic nephritis following eclampsia. The woman was said to 
have been well before pregnancy, but apparently no study was made 
with respect to the presence of latent renal disease. The postmortem 
revealed contracted kidneys. 

Koblanck, 1894, reéxamined 77 women who had had eclampsia 
(time of recheck not given): 59.7 per cent had no albumin; 16.9 per 
cent had a transitory trace of albumin; 15.4 per cent had catarrh of 
the urinary tract; and 6.5 per cent (5 cases) had nephritis. No 

i details of the nephritis were given. 
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Meyer-Wirz, 1904, observed 35 postmortems in instances of 
eclampsia, and found 3 with chronic indurated kidneys. He also 
found that the great majority of eclamptics were free from albumin 
on dismissal from the hospital, but he mentioned 9 cases in which 
albumin was still present. 

Zangemeister, 1913, found that a chronic nephritis remained in 
7 per cent of eclamptics. He thought that the majority of these 
developed from the eclamptic kidney and not from a previous 
chronic nephritis. 

Baisch, 1913, traced 110 women who had had an attack of eclamp- 
sia (60 cases) or severe preéclamptic symptoms (50 cases). Of these 
110 patients, g were dead, and 11 were permanent invalids. Only 
40 per cent were entirely well. No information is given as to the 
cause of death or invalidism. No evidence of renal disease was pre- 
sented. 

Wolff and Zade, 1914, found 2 out of 23 eclamptics, whom they re- 
examined some years later, with evidence of chronic nephritis. The 
first patient had no albumin on dismissal, and when reéxamined 
had hypertension without albumin. The second had no albumin on 
dismissal, and on reéxamination had hypertension, 200/120, and a 
trace of albumin. Two of seven preéclamptics had similar evidence 
of a chronic nephritis on reéxamination. These cases can hardly be 
accepted as proof that a chronic nephritis may develop from the 
eclamptic kidney, but such an interpretation is possible. They may 
represent instances of primary hypertension developing independ- 
ently of eclampsia. 

Sachs, 1918, found 81 of 87 eclamptics entirely well on reéxamina- 
tion some years later. Four were dead (one from a recurrent eclamp- 
sia, three from intercurrent disease). Two showed signs of chronic 
nephritis. 

Hiissy, 1921, doubts the transition of the eclamptic kidney into 
chronic nephritis. He did not see any instance of this in his ex- 
perience. 

Breuning, 1924, in a report of 88 cases of eclampsia, states that 
88 per cent of those who survived were free from albumin when dis- 
missed from the hospital. 

Heynemann, 1924, gives a full account of the results of reéxami- 
nation of 45 patients who had eclampsia and 7 who had pronounced 
preéclamptic symptoms. His paper should be consulted for the 
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detailed findings in each case. He concludes that not infrequently 
there is evidence of renal injury not only on dismissal but on later re- 
examination. This is indicated by the presence of albuminuria or 
hypertension, or both. He interprets these findings in most instances 
as evidence of delayed healing, but thinks that the cases with hyper- 
tension only may be due to disease of arterioles and capillaries re- 
sulting from eclampsia. He finds no convincing evidence in his 
experience that chronic renal disease results from eclampsia. Pa- 
tients with pronounced preéclamptic symptoms show slower healing 
than those with eclampsia. 

Fahr, 1924, in the light of his pathological studies, expresses the 
opinion that it is possible for the eclamptic kidney to give rise to 
chronic renal disease. 

Zondek and Jacobowitz, 1924, reéxamined 38 patients who had 
had eclampsia or preéclampsia, one to seven years later. There was 
one case of chronic nephritis which they believe was present before 
the attack of eclampsia. In a few cases there was evidence of a slight 
renal disturbance. They conclude that it is possible that eclampsia 
gives rise to chronic nephritis, but it must be very rare. 

Déderlein, 1925, reéxamined 26 patients eight months to fifteen 
years after eclampsia and 16 were entirely normal. Slight albumin- 
uria with normal kidney function was present in 3 patients and 7 
showed albumin and casts, with some evidence of decreased renal 
function, which he interprets as indicating a chronic nephrosis re- 
sulting from eclampsia. 

Bund, 1925, partly by correspondence, followed 39 patients who 
had eclampsia. Four had chronic nephritis which he attributed to 
eclampsia. 

Nevermann, 1927, reéxamined 60 patients, one to twenty-three 
years after eclampsia. Thirty-seven were studied more than ten 
years after the attack. Twenty-seven were entirely normal. The 
others had various complaints such as headache, poor memory, vis- 
ual disturbances and edema of the legs. Eight women had hyperten- 
sion (systolic pressure 140 to 170 mm. Hg.). Three had albumin and 
casts: (a) one year after eclampsia, trace of albumin, blood pressure 
118 mm. Hg.; (6) eclampsia in 1903 and again in 1905, albuminuria 
on dismissal each time, since 1905 seven abortions and premature 
labors; in 1925, blood pressure 170 mm. Hg., large amount of al- 
bumin; (c) eclampsia in 1921, mild preéclampsia with abortion in 
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1925 (albumin), normal in 1926. There was only one patient with a 
persistent renal lesion. Nevermann believes that chronic nephritis 
rarely, if ever, develops from eclampsia. 

Peckham, 1929, found 17 (23 per cent) of 77 women with chronic 
nephritis on reéxamination one year after eclampsia. Nephritis de- 
veloped somewhat oftener in those who were albumin-free at the end 
of three weeks than in those who had albuminuria at that time. 
Peckham does not explain the criteria on which his diagnosis of 
chronic nephritis is based. 

Schmechel, 1929, in a large experience with eclampsia, knew of 
only one patient who developed chronic renal disease. He thought 
that this patient probably had renal disease before pregnancy. 

Kobes, 1930, found that 19 of 32 eclamptics had albuminuria at 
the end of the third week after the attack. Reéxamination of these 
32 women from three to eighty-five months later showed only 3 with 
albuminuria (four months, seven months, ten months later). 

Fourteen of 19 preéclamptics had abnormal urine when reéx- 
amined, but 13 of these had a history of renal disease prior to preg- 
nancy. Two women had evidence of contracted kidney. Kobes was 
unable to decide whether or not eclampsia causes chronic renal 
disease. 

Seitz, 1930, found 78 eclamptics all entirely well at the end of 
eight weeks. The preéclamptics (27 in number) showed a little 
slower healing. A few were not normal after fourteen weeks. 

It is difficult to draw definite conclusions from the literature, since 
the experience of different observers has not been uniform. How- 
ever, it appears that evidence of mild renal injury is frequently found 
a long time after an attack of eclampsia. Whether or not the cases 
of definite chronic nephritis that follow eclampsia are the outcome 
of the eclamptic kidney cannot be decided. In order to establish 
such an origin for the nephritis, it must be shown by careful ex- 
amination that nephritis was not present prior to the pregnancy. 
None of the reported cases of contracted kidneys were studied be- 
fore pregnancy. 

The clinical evidence indicates that the eclamptic kidney usually 
heals rapidly, but in some instances very slowly. There is a possi- 
bility that it may rarely pass into a definite chronic nephritis with 
contracted kidneys, but there is no convincing evidence that this 
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We may next inquire if there is any anatomical evidence of a 
permanent renal lesion resulting from the eclamptic kidney. Micro- 
scopic examination of kidneys from women who had eclampsia a long 
time previously should reveal permanent lesions if any are present, 
but apparently no such studies have been made. It will be interest- 
ing, therefore, to study in detail the old lesions in Case 3, in which 
there is a history of a previous attack of eclampsia seven years be- 
fore death. In the protocol (Case 3), the histological changes are 
fully described (see also Figs. 2, 3 and 4). It is clear that the acute 
lesions of eclampsia did not heal entirely in this instance. The capil- 
lary basement membrane thickened to the point of complete obliter- 
ation of groups of glomerular capillaries. Disuse atrophy of the 
tubule developed to a degree proportionate to the diminished capil- 
lary bed of its glomerulus. 

The clinical evidence in this case is lacking, but there is strong 
anatomical evidence of chronic renal disease resulting from eclamp- 
sia. It is quite different from ordinary chronic glomerulonephritis 
in its pathogenesis, but the end result is obstruction of glomerular 
capillaries and tubular atrophy. It may be said, therefore, that 
chronic renal disease may result from the acute lesion of eclampsia, 
but it is a special type differing from the known forms of chronic 
renal disease in its structure and pathogenesis. On the basis of the 
anatomical structure, one would expect to find hypertension and 
renal insufficiency clinically. 


4. HyPEREMESIS GRAVIDARUM 


In general this form of toxemia is different from eclampsia, but 
cases occur which show some of the features of eclampsia, and 
raise a doubt whether these two forms of toxemia are entirely dis- 
tinct entities. 

The outstanding clinical feature of hyperemesis gravidarum is 
obstinate vomiting developing in early pregnancy, and the char- 
acteristic lesion found at postmortem is fatty degeneration of the 
liver. In some instances a severe anemia or a toxic myelitis dom- 
inates the clinical picture to such an extent that we seem to be deal- 
ing with a separate entity and not with hyperemesis gravidarum. 

Two fairly typical cases of hyperemesis gravidarum are reported 
by Harbitz. The first case, a woman 25 years old, began to vomit in 


= 
We 


RENAL LESIONS IN TOXEMIAS OF PREGNANCY 27 


the second month. The vomiting became very severe, and she be- 
came almost blind. Death occurred in the third month, forty-eight 
hours after the uterus was emptied. The liver and kidneys were fatty. 
There were no necroses in the liver. The second case, a woman 
22 years old, vomited for three months and died in the fourth month. 
The same lesions were found at postmortem as in the first case. 

The following four cases came under my observation: 

CASE 17. (29-1213) Gravida I. 39 years of age. Admitted Aug. 14, 1929. 
About four months pregnant. Last menses in April. Vomiting more or less 
continuously since the latter part of May. Complains of vomiting, weakness 
and loss of weight. Blood pressure 100/70. No edema. Some mental disturb- 
ance. Slight icteric tint in the sclera. Moderate enlargement of the thyroid of 
two years’ duration. Hemoglobin 85 per cent; erythrocytes 4,060,000; leu- 
cocytes 9,350. Differential count normal. Urine showed sugar, acetone and 
diacetic acid, no albumin. Blood urea nitrogen 14 mg. No improvement under 
treatment. Vaginal hysterotomy and craniotomy. August 21, collapse. Death 
Aug. 22, 1929. 

Postmortem Report: Slight jaundice; no edema; no fluid in serous 
cavities; heart, weight 250 gm.; liver, weight 1150 gm., diffuse fatty 
metamorphosis; colloid goiter; no gross changes in pancreas. 

Kidneys weighed 140 and 145 gm. respectively. Slight dilatation 
of right pelvis and ureter. No other gross changes. 

Microscopically the glomeruli show a normal structure. 

This is a typical case of hyperemesis gravidarum, showing none 
of the features of eclampsia, and not complicated with anemia or 
toxic myelitis. The kidneys were normal. The characteristic glo- 
merular lesion of eclampsia is absent. 

CASE 18. (26-238) Gravida I. 20 years of age. About Dec. 25, 1925, she 
first developed nausea and vomiting. She became acutely ill Jan. 1, 1926, and 
has vomited almost continuously since that date whenever she attempted to 
eat. Admitted Feb. 2, 1926, three months pregnant at this time. The vomiting 
improved notably under treatment. The urine showed albumin, acetone and 
diacetic acid. Discharged February 26, much improved. Readmitted, March 2, 
complaining of a sore throat and disturbances of vision. Her vision was so im- 
paired that she could barely recognize faces. Hemorrhages were visible in the 
retinae. Blood pressure 114/80. Temperature ranged between 100 and 103° F. 


Pulse very rapid. Leucocytes 7,000. Blood urea nitrogen normal. Urine 
showed albumin. Death March 9, 1926. 


Postmortem Report: No edema; no jaundice; 200 cc. of blood- 
tinged ascitic fluid; heart, weight 220 gm., soft myocardium; liver, 
weight 1515 gm., very fatty, no hemorrhages or necroses; uterus 
contained a four months’ fetus; no endometritis. 
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Each kidney weighed 150 gm. The external surfaces were smooth. 
The cortices were very pale, and two small abscesses were found in 
the cortex of one kidney. There were many petechial hemorrhages 
in the pelves. Microscopically the glomeruli are practically normal. 

In the foregoing case death was apparently due to bacteremia 
rather than to toxemia of pregnancy. The retinal hemorrhages with 
loss of vision suggest eclampsia, since this is a rare complication of a 
simple septicemia. There was no hypertension. The extreme fatty 
degeneration of the liver is to be referred to toxemia of pregnancy. 
The glomeruli do not show the distinctive lesion of eclampsia. 

CASE 19. (28-197) Gravida II. 24 years of age. Admitted Jan. 28, 1928. 
First pregnancy three years ago terminated in abortion at three and a half 
months. Duration of this pregnancy about seven and a half months. Vomiting 
began during the third month of pregnancy. She would vomit after every meal. 
The vomiting then stopped for three months, but recurred in the sixth month. 
For the past six weeks she has retained practically nothing that was taken by 
mouth. About two weeks before admission she developed difficulty in swallow- 
ing, which persisted. January 28, blood pressure 100/85. The urine on two 
examinations showed a faint trace of albumin, many hyaline casts, and a few 
erythrocytes. Hemoglobin 50 per cent. Erythrocytes 2,100,000. High color 
index. Blood smear showed moderate poikilocytosis and anisocytosis, no nucle- 
ated reds or polychromatophilia. Blood Wassermann negative. Blood urea 
nitrogen 17.8 mg. The vomiting was not relieved by treatment. On February 2, 
she suddenly went into labor and a living child was born spontaneously. About 
six hours after labor she became dyspneic. There were no convulsions. Death 
11:35 A.M., Feb. 3, 1928. 


Postmortem Report: No edema; 100 cc. of clear fluid in the peri- 
cardial cavity, none in the other serous cavities; heart, weight 
198 gm.; liver, weight 1445 gm., light brown color, no areas of ne- 
crosis, very little fat. 

The left kidney weighed 125 gm., the right 110 gm. Submucosal 
hemorrhages in the left pelvis. The external surfaces were smooth, 
the cortices pale. 

Microscopically the glomeruli are moderately enlarged and 
anemic. There is a definite narrowing of the glomerular capillaries, 
produced by a marked thickening of the capillary basement mem- 
brane. 

On clinical grounds this case may be interpreted as hyperemesis 
gravidarum complicated by severe anemia. The typical liver lesion 
of hyperemesis is, however, not present. There was only a faint 
trace of albumin in the urine, and there was no hypertension, but 
the characteristic glomerular lesion of eclampsia is present. 
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CASE 20. (30-3) Gravida VI. 30 years of age. Admitted Dec. 30, 1929. 
She was about four months pregnant, had been ill for two months, and con- 
fined to bed for seven weeks. For the past three days she had been delirious and 
semiconscious, and had had a fever. Since the early part of October she had 
been repeatedly passing catheters into the uterus in an attempt to produce 
abortion. There had been slight bleeding as a result of this instrumentation, 
but no pain. She had been seen by a private physician ten days before admis- 
sion. At that time she was excitable, but not unconscious, and had choreiform 
movements of the limbs. The systolic blood pressure was 155 mm. Hg., and the 
pulse 130. She had been vomiting after almost every attempt to eat or drink 
during the past six weeks, and there had been some vaginal bleeding. Five days 
before admission her temperature was 99° F. There had been no chills associ- 
ated with the illness. The urine at that time was negative except for a few pus 
cells. She had some difficulty in moving her legs, and complained of severe pain 
when they were touched. She had had a curettement five years before, follow- 
ing a spontaneous abortion at five months. There was also an abortion two and 
a half years ago at four months. She had three living children aged 3, 5 and 
7 years. 

On admission the temperature was 99° F., and the pulse 145. Respirations 
28 per minute. She was semicomatose. There was a coloboma of the right eye, 
with loss of vision. The left fundus showed retinal hemorrhages and edema of 
the disc. Blood pressure 142/94. Abdominal and knee reflexes absent. Babin- 
ski test negative. December 31, semicomatose; temperature 102° F.; rapid 
pulse; pale and dehydrated. She answered questions occasionally, but in a con- 
fused and delirious manner. No facial asymmetry. Biceps and triceps reflexes 
were equal and normal. Abdominal, patellar, hamstring and Achilles reflexes 
were absent. She appeared to be using the diaphragm very little and was in- 
continent. She was able to raise her lower extremities to some extent. Muscles 
of the legs were very flaccid. Spinal puncture revealed a clear fluid under 
normal pressure. Urine: December 30, faint trace of albumin, no sugar. De- 
cember 31, large amount of albumin and sugar and large numbers of erythro- 
cytes (catheterized specimen). Hemoglobin 65 per cent; erythrocytes 3,560,000; 
leucocytes 8,100 to 11,650; 80 per cent polymorphonuclears; 20 per cent lympho- 
cytes. January 1, labored respirations; cyanosis; temperature 103 to 105° F.; 
death. 


Postmortem Report: Slight edema of the legs; no jaundice; no 
fluid in the serous cavities; heart, weight 285 gm.; liver, weight 
1625 gm., cloudy swelling, no necroses; four months’ fetus in the 
uterus. 

The kidneys weighed together 280 gm. The external surfaces 
were smooth, the cortices cloudy. 

Microscopically the glomeruli show a normal structure. 

Microscopic studies of the spinal cord showed extensive degenera- 
tion and necrosis of the nerve cells (toxic myelitis). 

The foregoing is an illustration of hyperemesis gravidarum in 
which toxic myelitis dominates the clinical picture. Berkwitz has 
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described several cases of this type. The hypertension and eye- 
ground changes suggest a relationship to eclampsia, but the liver 
and kidney lesions peculiar to eclampsia are not present. 

There seems to be some relationship between hyperemesis gravi- 
darum and eclampsia, but there is no convincing evidence at present 
that they are due to the same underlying disturbance. 


5. PREGNANCY IN ASSOCIATION WITH PREEXISTING 
RENAL DISEASE 


Eight cases have come under my observation in which it is reason- 
ably sure that chronic renal disease was present prior to pregnancy. 


CASE 21. (21-219) 26 years of age. Admitted Jan. 31, 1921. Had smallpox 
at age of 11 years. Frequent attacks of sore throat for many years. No history 
of scarlet fever or rheumatism. When she was 16 years old a physician told her 
she had kidney trouble. Has had headaches as long as she can remember. Her 
vision has been poor for years. Has noted slight pain about the heart for several 
years. At her first pregnancy in 1913, at the age of 18 years, she was comatose 
for four or five days and had convulsions. For this reason the pregnancy was 
terminated at the fifth month by therapeutic abortion. The second and third 
pregnancies ended in spontaneous abortion. The fourth pregnancy was termi- 
nated by therapeutic abortion in September, 1920. She has not menstruated 
since. 

During her stay in the hospital the blood pressure readings were: Jan. 31, 
1921, 176/140; a little later, 190/140; February 11, 122/90; February 26, 
206/164; March 3, 209/160; March 14, 196/120. There was a continuous low 
fever. The urine was of low specific gravity, and contained a large amount of 
albumin. Blood urea nitrogen ranged from 89.9 to 115 mg. The phenolsulpho- 
nephthalein test was 5 per cent on February 9. Albuminuric retinitis was present. 
The leucocyte count varied from 25,000 to 32,000, 80 to 90 per cent polymor- 
phonuclears. Death May ts, 1921. 


Postmortem Report: No edema; one liter of thin purulent fluid 
in the left pleural cavity; heart, weight 375 gm., left ventricular 
hypertrophy; liver, no disease. 

The left kidney weighed 40 gm., and the right 25 gm. 

The microscopic structure is typical advanced chronic glomerulo- 
nephritis. No glomerular lesions resembling those of Case 3. 

It might be argued in this instance that the chronic nephritis re- 
sulted from eclampsia in 1913, but there was evidence of nephritis 
before that time and the structure of the kidney is in no way differ- 
ent from typical glomerulonephritis. 


CASE 22. (18-237) 22 years of age. Admitted Nov. 1, 1918, in coma. She 
was having convulsions every hour. She had been under a physician’s care for 
three or four months. A diagnosis of nephritis had been made, and a therapeutic 
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abortion performed about two months before admission. Abdominal para- 
centesis had been performed repeatedly. During the period of hospital obser- 
vation there was a marked oliguria, and the urine contained a large amount of 
albumin, many casts and erythrocytes. The blood pressure was 200/120. 
Albuminuric retinitis was present. There was marked edema. She was in coma 
or semicomatose most of the time. On November 7, pericarditis was demon- 
strated. Blood urea was 33 mg. on November 8. Death Nov. 13, 1918. 


Postmortem Report: Marked generalized edema; large amounts of 
thin purulent fluid in the peritoneal, pleural and pericardial cavities; 
heart, weight 300 gm., pericarditis only; liver, cloudy swelling; no 
infection in the uterus. 

The kidneys weighed 130 gm. each. The external surfaces were 
smooth, the cortices pale and fatty. 

Microscopically a typical chronic glomerulonephritis is present. 
There are numerous hyaline glomeruli with completely atrophied 
tubules. There can be no doubt that nephritis antedated preg- 
nancy. 

CASE 23. (23-267) 35 years of age. First seen April 17, 1923, complaining 
of weakness, dyspnea, palpitation, edema of the ankles and cough. No serious 
illness during childhood. Her first pregnancy resulted in a stillbirth at eight 
months. The second pregnancy terminated in miscarriage at six months (a 
macerated fetus). The third pregnancy also resulted in miscarriage. In the 
fourth pregnancy she developed albuminuria and convulsions, and a stillborn 
fetus was delivered spontaneously at eight months. The fifth pregnancy in the 
spring of 1919 resulted in a living child. There were postpartum hemorrhages 
at this labor. 

She dated her present illness from August, 1922, when she developed 
weakness, vertigo and dyspnea on exertion. She became progressively weaker 
after that time. April 17, blood pressure 140/90; marked albuminuria with 
casts. Only a trace of phenolsulphonephthalein was excreted in two hours. 
Blood Wassermann negative. Signs of pneumonia appeared toward the last. 
Death April 24, 1923. 


Postmortem Report: Edema of the lower extremities; ascites; 
lobar pneumonia; heart, weight 375 gm. 

The right kidney weighed 60 gm., and the left 75 gm. The cap- 
sules were adherent and the external surfaces granular. The cortices 
were very thin. 

Microscopically a typical advanced chronic glomerulonephritis is 
seen. 

The history as well as the structure of the kidneys indicates that 
nephritis was present many years, and was responsible for the com- 
plications of all her pregnancies. 
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CASE 24. (23-435) 26 years of age. First pregnancy in 1915. Never well 
since that time. In January, 1919, the urine showed heavy albuminuria, many 
casts and erythrocytes. She complained of loss of appetite and insomnia. 
Shortly afterwards she became pregnant and went through pregnancy with 
some difficulty. She was seen at various times during the past three years, but 
the renal condition was not studied. She had albuminuria and slight hyper- 
tension during this period. Hemoglobin 16 per cent. Shortly before death she 
had repeated convulsions. Death July 10, 1923. 


Postmortem Report: No edema; a small amount of fluid in the 
serous cavities; heart, weight 375 gm., left ventricular hypertrophy; 
edema of lungs; liver, normal. 

The left kidney weighed 58 gm., and the right 68 gm. The cap- 
sules were adherent and the external surfaces deeply pitted. The 
cortices were thin. 

Microscopically a typical advanced chronic glomerulonephritis is 
seen. In view of the history it is certain that chronic renal disease 
was present before the second pregnancy, but there is no history of 
eclampsia at any time. 


CASE 25. (26-286) 26 years of age. Had scarlet fever in childhood. Nu- 
merous attacks of tonsillitis. The first pregnancy ended in abortion at two 
months, in October, 1922. She first came under medical care in April, 1923, 
during the fifth month of her second pregnancy. From April until her delivery, 
July 14, she had moderate edema and moderate albuminuria. The blood pres- 
sure ranged from 122/66 to 160/110. There were usually casts and erythro- 
cytes in the urine. There were no visual disturbances and no convulsions. 

She remained in the hospital three weeks after delivery. During this time 
the edema disappeared. The blood pressure ranged from 130/88 to 180/118. 
July 10, five days after delivery, the blood urea nitrogen was 57 mg., and crea- 
tinin 5 mg. August 7, nineteen days later, the blood urea nitrogen was 32 mg., 
and creatinin 3 mg. August 21, blood urea nitrogen was 72 mg., and creatinin 
1.7 mg. Hemoglobin, July 19, 40 per cent. 

The patient was observed from time to time during the next three years. 
The blood pressure gradually rose to higher levels. During 1925 it ranged from 
180/106 to 210/130. There were no definite changes in the eyegrounds. The 
hemoglobin remained low. About March 19, 1926, she developed an upper 
respiratory infection and died four days later. 


Postmortem Report: Moderate generalized edema, ascites and 
hydropericardium; heart, weight 380 gm., left ventricular hyper- 
trophy; bronchopneumonia; cloudy swelling of the liver. 

The kidneys weighed go gm. and 120 gm. respectively. The cap- 
sules were adherent and the external surfaces deeply pitted. The 
cortices were thin. 
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Microscopically an advanced chronic glomerulonephritis is found, 
which shows no unusual features. 

The definite renal insufficiency which was found immediately 
after labor establishes the diagnosis of chronic glomerulonephritis 
at that time. Very probably it was present before the first preg- 
nancy in 1922. 


CASE 26. (23-635) 41 years of age. In September, 1919, when she was 
eight months pregnant she was admitted to another hospital in labor. She was 
delivered by forceps because she was having convulsions. The infant was still- 
born. She stated that she was unconscious for about one month after delivery. 
On admission June 8, 1921, she complained of incontinence of urine. The urine 
contained albumin, casts and erythrocytes. Her blood pressure was 134/90. 
The phenolsulphonephthalein excretion in two hours was to per cent. Blood 
urea nitrogen 34 mg. She was discharged July 20, 1921, and was not seen again 
until her readmission Sept. 20, 1923. At this time she was irrational and de- 
lirious. The blood pressure was 185/125. Hemoglobin 55 per cent. Erythro- 
cytes 2,700,000. Blood urea nitrogen 125 mg. and 185 mg.; phenolsulpho- 
nephthalein output o per cent. Urine: specific gravity about 1roro, abundant 
albumin, casts and erythrocytes. Slight terminal edema of the ankles. Death 
Oct. 3, 1923. 

Postmortem Report: Slight edema of the feet; no excess of fluid in 
the serous cavities; heart, weight 365 gm., moderate left ventricular 
hypertrophy; edema of the lungs; liver, normal. 

The kidneys weighed 33 gm. and 30 gm. respectively. The cap- 
sules were adherent and the external surfaces finely granular. The 
cortices were very thin. 

Microscopically a typical, very advanced chronic glomerulo- 
nephritis is found. 

Very probably the convulsions that occurred during her labor in 
1919 were uremic and not eclamptic. The extreme atrophy of the 
kidneys indicates a nephritis of many years’ duration. 

CASE 27. (28-906) 37 years of age. Admitted March 26, 1928. The patient 
stated that she had had albumin in the urine since the birth of her last child, 
three and one-half years previously. Her immediate illness began in January, 
1928, with dyspnea, and edema of the ankles. These symptoms gradually be- 
came more severe and she became progressively weaker until she was obliged 
to go to bed. The blood pressure varied from 142/104 to 162/114. The urine 
was of low specific gravity, and contained abundant albumin and casts. Blood 
urea nitrogen, March 28, 38.5 mg. May 1, hemoglobin 54 per cent; erythro- 


cytes 3,490,000. The edema progressed until it became a marked generalized 
anasarca. Death July 8, 1928. 


Postmortem Report: Marked anasarca; ascites; hydrothorax; 
heart, weight 340 gm., recurrent mitral endocarditis; liver, normal. 
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The kidneys weighed 73 gm. and 63 gm. respectively. The cap- 
sules were adherent, and the external surfaces finely granular. The 
cortices were very thin. 

A typical advanced chronic glomerulonephritis is found micro- 
scopically. 

The patient dated her illness from her last pregnancy, but there 
was no history of eclampsia. The structure of the kidneys indicates 
a long duration of the disease. 


CasE 28. (28-123) Gravida II. 38 years of age. Admitted Jan. 18, 1928. 
Expected date of confinement, March 22. Said to have had a few convulsions 
during her first pregnancy, fourteen years before. Under treatment for hyper- 
tension for the past five years. Blood pressure usually above 200 mm. Hg., 
during this period. She was seen by her physician shortly after the beginning 
of the present pregnancy, and the blood pressure was found to be 215/120. 
During the course of the pregnancy the blood pressure was never found below 
170/110. She entered the hospital because she was beginning to have visual 
disturbances, edema and vomiting. For two months she had been troubled 
with headaches and dizziness. During her stay in the hospital the systolic 
blood pressure ranged from 210 to 240 mm. Hg. There was edema of the ankles. 
The urine contained a large amount of albumin and many casts. Blood urea 
nitrogen 23.3 mg.; hemoglobin 85 per cent. During the last week she vomited 
almost continuously. Labor was induced January 25, and a dead fetus was 
delivered. The patient died suddenly about two hours after the completion 
of labor. There were no convulsions. 


Postmortem Report: Moderate edema of the ankles; no fluid in the 
serous cavities; heart, weight 310 gm., moderate hypertrophy of the 
left ventricle; liver, weight 1700 gm., chronic passive congestion and 
moderate fatty metamorphosis, no areas of necrosis. 

The kidneys weighed 175 and 100 gm. respectively. The smaller 
kidney was adherent to the surrounding tissues because of an opera- 
tion several years before. The cortices were slightly cloudy. 

Microscopically there is a generalized arteriolar sclerosis, but no 
atrophy of the parenchyma. The glomeruli show a marked thicken- 
ing of the capillary basement membrane, an appearance that is 
found both in primary hypertension and in eclampsia. 

This is undoubtedly an instance of pregnancy in a woman with 
preéxistent hypertension. 

The foregoing 8 cases (Cases 21 to 28), illustrate the course of 
pregnancy in women with previous chronic renal disease. There 
is usually a marked aggravation of the nephritic symptoms. The 
distinction from gestation eclampsia is difficult when the function of 
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the kidneys prior to pregnancy is unknown. All the symptoms of 
eclampsia, namely — hypertension, albuminuria, edema, headache, 
visual disturbances, vomiting, convulsions and coma — may occur 
in nephritis uncomplicated by pregnancy. However, if a definite 
impairment of renal function is demonstrable, the diagnosis of pre- 
existing chronic nephritis may be established. 

Many women with chronic renal disease go through pregnancy 
without serious complications, but the usual effect is an increase in 
the intensity of the symptoms referable to nephritis. When the 
uterus is emptied the nephritic symptoms usually improve, but do 
not disappear entirely. 

There is no evidence in my experience that the presence of chronic 
renal disease increases the danger of the development of gestation 
eclampsia. Heynemann expresses a similar opinion. 


DISCUSSION 


In fatal cases of eclampsia and preéclampsia, a characteristic 
glomerular lesion is found. The glomeruli are slightly enlarged and 
the lumina of their capillaries are narrowed and sometimes com- 
pletely closed, so that they contain very few erythrocytes. The de- 
crease in size of the capillary lumina is caused chiefly by a marked 
thickening of the capillary basement membrane. Usually there is 
only a slight increase of endothelial cells, but sometimes the endo- 
thelial increase is prominent, and then becomes a more important 
factor in capillary obstruction than the thickened basement mem- 
brane. 

When the increase of endothelial cells is prominent (Fig. 6), there 
is a definite resemblance to acute glomerulonephritis. But the more 
striking features of acute glomerulonephritis are absent. There are 
no very large glomeruli, and no epithelial crescents. Intracapillary 
fibers were found in only one instance, Case 16, and then in associ- 
ation with acute rheumatic endocarditis. Fahr noted an increase of 
endothelial nuclei in exceptional instances, and was inclined to at- 
tribute it to an associated infection. His view seems to be that a 
mild glomerulonephritis is superimposed on the eclamptic kidney 
in these cases. Fahr’s interpretation of the endothelial increase is 
probably influenced to some extent by his conviction that the lesion 
of the eclamptic kidney is a nephrosis. 
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The increase of endothelial cells is surely an inflammatory phe- 
nomenon, that is, a form of glomerulonephritis. It occurs so fre- 
quently that Fahr’s interpretation of superimposed infection seems 
doubtful. A simpler explanation is to consider it a reaction to the 
toxic substance responsible for the toxemia of pregnancy. 

The interpretation of the thickening of the capillary basement 
membrane is more difficult. It is not clear whether this is a degen- 
erative or an inflammatory phenomenon. One is tempted to explain 
it as a compensatory reaction to increased intravascular pressure 
since it occurs so regularly in primary hypertension. But it was 
found in one case of hyperemesis gravidarum (Case 19) in which 
there was no elevation of blood pressure, and I have found it in in- 
stances of lipoid nephrosis without hypertension. 

Volhard’s theory of arteriolar spasm does not seem adequate to 
explain thickening of the capillary walls. We are left with the theory 
that a soluble toxic substance in the blood is responsible for the 
thickening of the basement membrane. This view can neither be 
established nor disproved with our present knowledge. 

The thickening of the capillary basement membrane is apparently 
a process of hypertrophy, similar to the thickening of the elastica 
interna of the arteries that occurs in advanced life. Whether this is 
an inflammatory process or not depends upon how inflammation is 
defined. It is not what one ordinarily understands as inflammation, 
but it probably represents a reaction to some kind of stimulus. 

The glomerular lesion of eclampsia is, therefore, a distinct patho- 
logical entity. It is perhaps best classified as a special form of 
glomerulonephritis, although it is to be distinguished from ordinary 
glomerulonephritis. It is somewhat confusing to classify a disease 
of this type as nephrosis. 

The classification of the lesion as nephritis or nephrosis is of no 
great importance. The essential nature of the disease is an injury 
of the glomerular capillaries, which allows albumin to escape and 
impedes the flow of blood through the kidneys. 

The glomerular lesion may be the primary cause of the hyper- 
tension rather than its effect. The fact that hypertension often pre- 
cedes albuminuria does not exclude this interpretation, since the 
narrowing of the capillaries may take place before they are perme- 
able to albumin. 

The glomerular lesions support the view that the fundamental 
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cause of eclampsia is a toxic substance in the circulating blood. The 
peculiar histological structure suggests that the poison is quite dis- 
tinct from that causing glomerulonephritis. 


SUMMARY 


In fatal cases of eclampsia a characteristic glomerular lesion is 
found. 

The glomeruli show a marked narrowing of all their capillaries, 
caused usually by an increase in thickness of the capillary basement 
membrane, but sometimes by an increase of endothelial cells. 

One case is reported (Case 3) in which the lesions resulting from 
an attack of eclampsia seven years before are described. These 
consist of focal hyaline areas in the glomeruli with partial or com- 
plete glomerular obliteration and varying degrees of tubular atrophy. 
It is shown that a peculiar form of chronic renal disease may result 
from the eclamptic kidney. 

In one case of hyperemesis gravidarum (Case 19) glomerular 
lesions were found which correspond entirely to those of typical 
eclampsia. In three other cases the glomeruli were normal. A fatty 
liver without necroses is characteristic of this form of toxemia. 

When a woman with chronic renal disease becomes pregnant, 
there is usually an aggravation of all the nephritic symptoms. The 
condition cannot be distinguished from preéclampsia and eclampsia 
unless the condition of the kidneys prior to pregnancy is known, or 
unless there is a definite impairment of renal function. Chronic 
nephritics show no special tendency to develop gestation eclampsia. 
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DESCRIPTION OF PLATES 


PLATE 1 


Fic. 1. Case 14. Photomicrograph of glomerulus under low magnification, 
showing extensive obstruction of the capillaries. Hematoxylin-eosin stain. 


Fics. 2, 3 and 4. Case 3. These photomicrographs illustrate the effect of an 
attack of eclampsia seven years before death. The hyaline glomeruli are 
associated with atrophic tubules (Fig. 2). Figures 3 and 4 show partially 
obliterated glomeruli. 
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PLATE 2 


Fic. 5. Case 14. Drawing showing portion of a glomerulus under high magnifi- 
cation. Azo-carmine stain. Note the marked thickening of the capillary 
basement membrane (b. m.).  End., endothelial cell; ep., epithelial cell; g., 
hyaline granules in an epithelial cell; er., erythrocyte; 1., lumen of capillary. 
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PLATE 3 


Fic. 6. Case 11. Drawing showing portion of a glomerulus under high magnifi- 
cation. Azo-carmine stain. Note the marked increase of endothelial cells 
(end.). The capillary basement membrane (b. m.) shows a moderate but 
uneven thickening. Ep., epithelial cell; er., erythrocyte. 
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INFECTIOUS ORAL PAPILLOMATOSIS OF DOGS * 


W. A. DEMonsREvN, M.D., AND E. W. GooppasturE, M.D. 
(From the Department of Pathology, Vanderbilt Medical School, Nashville, Tenn.) 


For many years it has been the general opinion that human warts 
are contagious. The first experimental evidence of their infectious 
nature was furnished by Variot 1 (1893) who reported the successful 
inoculation of an adult with material from warts obtained from a 
child. Jadassohn? (1894) added confirmatory evidence when he 
succeeded in inducing the formation of typical warts in thirty-one 
out of seventy-four transplants of wart tissue under the epidermis. 
He reported the incubation period to be from seven to twelve weeks. 
Lanz * (1899) and Juliusberg * (1903) reported the successful trans- 
mission of warts, giving the incubation periods as six weeks and 
fifty days respectively. Ciuffo 5 (1907) first succeeded in passing the 
infectious agent through a Berkefeld N filter. Its filterability was 
confirmed by Serra ® (1908) who used a Berkefeld W candle. Wile 
and Kingery ’ (1919), by the use of Berkefeld filtrates, were able to 
produce warts in four weeks. Later Kingery * (1921) succeeded in 
carrying the warts to the second generation by the use of Berkefeld 
filtrates, the incubation period being about six months. Findlay ° 
(1930) found that the time required for Berkefeld filtrates to pro- 
duce the lesions varied from three to eight months. 

Most of the experimental work with warts has been done with the 
common wart (verruca vulgaris), which is so frequent in children. 
Other varieties such as plantar, digitate, and filiform warts are also 
probably caused by the same virus or one similar to that which 
causes common warts, and, as has been pointed out by Roxburgh !° 
(1928), their differences in structure are due mainly to the char- 
acteristics of the situations in which they occur. Their papilloma- 
tous structure tends to be more pronounced in the moist, warm 
areas. In support of this opinion is the report of Waelsch ™ (1918) 
who inoculated healthy skin and mucous membranes with condylo- 
mata acuminata and obtained flat warts on the skin and papillomas 
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on the mucous membranes. Serra ™ (1924) and Findlay ° (1930) also 
report the filterability of the infectious agent of condylomata 
acuminata. 

Numerous observers have noticed that children with laryngeal 
papillomas frequently have warts on their hands. Ullmann ® (1923), 
having noticed this association, successfully inoculated the human 
skin with macerated material from a laryngeal papilloma removed 
from a child. He succeeded in carrying the papilloma to the third 
generation, the virulence of the virus being definitely increased by 
the passage. In addition to demonstrating the filterability of the in- 
fectious agent, Ullmann also claims to have infected the vaginal 
mucous membrane of a dog, although he was not able to induce 
lesions in the dog’s hard palate, or abdominal skin. Findlay ® (1930) 
was not able to confirm Ullmann’s claim of a successful inoculation 
of a dog with human material. 

Several of the lower animals are subjects to warts. Magalhiaes “ 
(1920) reports that the infectious agent of bovine warts is filterable, 
lesions appearing five weeks after the injection of the virus. San- 
felice !® (1913) describes a papillomatous condition of the frog, Dis- 
coglossus pictus; but apparently no studies were made regarding its 
infectiousness. Borst * describes pointed condylomas which occur 
primarily on the genitals of dogs, and secondary warts on the lips 
due to the animals’ habits of licking. 

Penberthy ” (1898) described an epidemic of mouth warts in 
otherwise healthy foxhound puppies. Only three out of forty pup- 
pies in the kennel escaped the disease. The similarity of the growths 
to human warts, as regards their spontaneous disappearance, was 
noticed. M’Fadyean and Hobday '* secured two of Penberthy’s 
wart-bearing puppies for experimental purposes. By tissue inocula- 
tion they succeeded in transferring the warts to the scarified buccal 
mucous membranes of other puppies through the second generation. 
The incubation periods varied from one month to six weeks. Sub- 
cutaneous inoculations of wart emulsions failed to produce the new 
growths. An unsuccessful attempt was made to infect the mucous 
membrane of the penis of one puppy. In most cases the warts dis- 
appeared spontaneously after about six weeks. One puppy that had 
recovered resisted reinfection successfully. 

While our studies of oral papillomas of dogs was in progress 
there came to our attention a statement by Findlay ° (1930) that 
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this disease may be propagated in series by means of a Berkefeld 
filtrate. 

Several writers have described cellular inclusions in association 
with wart lesions. As early as 1913 Sanfelice 1° described eosinophi- 
lic intranuclear inclusions in the prickle cells of warts in Discoglossus 
pictus. Lipschiitz ?° (1924) describes basophilic intranuclear inclu- 
sions in cells of the outer portions of the prickle cell layer of human 
warts. In sections of warts fixed in Schaudinn’s fluid and stained by 
Giemsa’s method, Ullmann ® (1923) recognized both red and blue 
inclusions in the nuclei of cells within the prickle layer. He states 
the inclusions are found in only certain stages of the disease, being 
more common in human than in dog warts. These inclusions have 
been regarded by Kyrle*° (1925) as an oxychromatic degenerative 
change of the nuclei. On the other hand Sangiorgi* (1915), in 
studying human warts, found only cytoplasmic inclusions which ap- 
peared as single or multiple eosinophilic bodies in certain cells of the 
prickle layer. He discussed the possibility of these bodies being 
keratohyaline masses, but concluded that they must have some rela- 
tion to the disease. 

Infectious oral papillomatosis in dogs first came to our attention 
during the course of other experiments which required that the ani- 
mals be observed for rather long periods of time. A young, almost 
fullgrown, male setter that had been under our observation for al- 
most two months was noticed to have several papillomatous growths 
varying from 2 to 4 mm. in diameter located near the inner margins 
of the upper lips. These pedunculated, cauliflower-like growths were 
grayish in color, being considerably paler than the surrounding 
mucous membrane. A few days later several other comparatively 
smooth, grayish nodules were noticed scattered over the mucous 
membrane of the lips. The surfaces of these new nodules gradually 
became roughened, and in about two weeks they were definitely 
papillomatous in character. The warts increased in size and num- 
bers, spreading to the lower lips, both surfaces of the tongue, hard 
palate and pharynx. The nasal and genital mucous membranes 
and the skin remained free of abnormal growths. Following about 
three months of active growth, the warts seemed to remain station- 
ary for a period of another three months. Removal of some of the 
warts for experimental purposes from time to time during the period 
of observation might have had some bearing on their disappearance, 
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which was complete within three weeks after regression had com- 
menced. 

In satisfying our requirements for experimental animals a brown 
setter bitch, likewise bearing oral warts, came into our possession. 
This animal was noticed to have a peculiar laryngeal stridor which 
we thought might be due to the presence of one of the polypoid 
growths in the larynx. Autopsy of the animal, however, showed the 
larynx to be free from abnormal growths, and although numerous 
warts were present on the posterior pharyngeal wall, and a few small 
ones on the anterior surface of the epiglottis, none was encountered 
below the level of the glottis. The gastro-intestinal canal below the 
pharynx, as well as the genitalia, likewise proved to be free from 
warts. 

The infectiousness of the disease was proved by inoculating the 
scarified buccal mucous membranes of puppies with a paste made by 
grinding pieces of the wart tissue in a mortar containing small 
amounts of sterile sea sand and physiological saline solution. After 
thoroughly rubbing the paste into a scarified area, the mucous mem- 
brane was allowed to dry about five minutes before the animal was 
freed. At first the inoculations were repeated on the following day, 
for it was thought that it might be necessary for the infectious agent 
to come in contact with previously damaged cells in order to produce 
the disease. Later, one inoculation was found to be sufficient to in- 
duce the lesions in healthy puppies. In this manner the disease was 
carried to the fifth generation, the incubation period being from 
thirty to thirty-five days, with a tendency to be somewhat longer in 
dogs in poor general condition. Regression of the warts usually be- 
came apparent between the third and fifth months following inocu- 
lation. 

The scarified abdominal skin of puppies, guinea pigs, rabbits, rats, 
and mice was inoculated without result. With the exception of the 
puppies, lesions could not be induced in the buccal mucous mem- 
brane of any of these animals. Monkeys (M. rhesus) and kittens 
likewise proved unsusceptible. The buccal mucous membranes of 
four old dogs were inoculated, but in none of them did warts de- 
velop. On account of the immunity which many older dogs appar- 
ently had, practically all of our experimental work was done with 
puppies. We have noticed, however, the development of mouth 
warts in several young adult dogs following contact with infected 
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puppies. In these cases the incubation periods varied, in so far as we 
could judge, from thirty to thirty-five days, being approximately the 
same as in cases where the mucous membranes were scarified and 
inoculated directly with infectious material. 

The wart lesions are easily propagated in series by means of the 
Berkefeld filtrate. In preparing the filtrate, the fresh warts were 
removed and washed free of adherent blood clots with Locke’s solu- 
tion. They were then pressed between layers of filter paper to re- 
move the excess moisture, after which they were weighed. Next, 
they were placed in a mortar containing a small amount of sterile 
sea sand, and ground to a paste. Sufficient Locke’s solution was 
gradually added to make the resultant emulsion contain approxi- 
mately 5 per cent of tissue. The emulsion was then allowed to stand 
overnight in the icebox, after which the grinding was resumed for 
about five minutes. The contents of the mortar were then cen- 
trifuged at low speed for ten minutes, in order to throw down the 
larger particles of tissue. After adding a small quantity of a 24 hour 
broth culture of B. prodigiosus, the supernatant fluid was passed 
through a Berkefeld N candle at 20 pounds pressure per square inch. 
Cultures of the filtrate were sterile. 

Using very small hypodermic needles, the sterile filtrate was in- 
jected into the mucous membranes of the lips of three female pup- 
pies. The injections were made so as to form three or four discrete, 
white blebs, each containing approximately o.1 cc. of the filtrate. 
The vaginal mucous membranes were likewise inoculated. Also, 
intradermal injections of the filtrate were made into the shaved 
abdominal skin of each puppy. No inflammatory reactions appeared 
about any of the sites of inoculation. After the third week the ani- 
mals were examined daily. On the thirtieth day following the inocu- 
lations there were noticed in one puppy, minute, pale, slightly 
elevated areas at the sites of inoculation in the buccal mucous mem- 
brane. Their subsequent development proved them to be warts in 
the earliest noticeable stage. Three days later similar lesions were 
noticeable in the mouths of the other two puppies. Also at this time 
early lesions became demonstrable in a positive control puppy whose 
buccal mucous membrane had been scarified and inoculated with 
sediment obtained by centrifugation of the tissue emulsion during 
the process of preparing the filtrate. 

Lesions failed to develop at the sites of inoculation in the skin and 
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vaginal mucous membranes. Cutaneous and vaginal injections were 
later repeated, using a filtered virus, but with similarly negative 
results. In addition, the conjunctivas of three puppies proved un- 
susceptible to the disease following injections of the virus, although 
injections made into the buccal mucous membranes of these puppies 
produced typical lesions. 

The warts were carried to the third generation by means of Berke- 
feld filtrates prepared as previously outlined. By this process, the 
incubation period was not appreciably shortened. In one experi- 
ment the filtrate was collected in two fractions at 20 pounds pressure 
per square inch. Each fraction seemed to be about equal in viru- 
lence, for, when injected into the buccal mucous membranes of 
healthy puppies, each produced apparently identical lesions follow- 
ing incubation periods of equal lengths. A filtrate which showed no 
apparent diminution in virulence was likewise obtained by using a 
Berkefeld W candle. 

Some of the warts were removed and immediately frozen with 
“dry ice” and kept in the frozen state while being dried over phos- 
phoric anhydride in vacuo at a pressure of 2 mm. of mercury. Ex- 
amination of the material after forty-eight hours showed it to be 
thoroughly dry. It was then sealed in glass ampoules and stored in 
the icebox. Sixty-three days later a portion of the dried material 
was emulsified in saline and inoculated into the scarified buccal 
mucosas of two young puppies. In the mouths of both puppies 
typical warts began to be apparent on the thirty-second day follow- 
ing the inoculation. 

The virus may also be preserved in equal parts of glycerol and 
0.9 per cent NaCl solution. Several warts were removed and imme- 
diately placed in the glycerol-saline solution, and kept in a refrigera- 
tor at about 10° C. Sixty-four days later a portion of the preserved 
tissue was rinsed in several changes of normal saline and then ground 
to a paste in a mortar. The buccal mucous membranes of two pup- 
pies were scarified and inoculated with this paste. One puppy died 
three weeks later without showing any signs of warts. In the other, 
warts began to be noticed on the thirty-third day following inocula- 
tion. 

The virus is not killed by a temperature of 45° C for one hour. 
A Berkefeld filtrate was prepared as previously described. Portions 
were sealed in each of three ampoules. The samples were heated for 
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one hour in water-baths at temperatures of 45° C, 58° C, and 80° C, 
respectively. Each sample of virus was then injected into the buccal 
mucous membranes of two puppies. Unheated virus was also in- 
jected into the buccal mucous membranes of two other puppies as 
controls. Warts first became noticeable in the control puppies on the 
thirty-seventh day. None of the other puppies developed warts save 
those injected with virus which had been heated to 45° C. In one of 
these animals the incubation period was thirty-eight days, in the 
other forty-two days. It is believed that the prolonged incubation 
periods of the disease in the experiment were due almost entirely to 
the poor general condition of the animals caused by the extremely 
hot weather which existed during the course of the experiment. 

It has been our experience that following inoculation, young 
healthy puppies develop the disease quicker than undernourished 
puppies, especially those with intercurrent disease. One fat bull 
puppy developed lesions in twenty-two days following the injection 
of the filtrate. Not uncommonly the appearance of the lesions may 
be delayed a week to ten days in sickly puppies. The average incu- 
bation period is from thirty to thirty-three days. There is evidence 
that practically all puppies are susceptible to the disease. Out of 
thirty-four puppies inoculated with the virus, all save nine developed 
the lesions, and every one of these exceptions became sickly soon 
after inoculation, and all died before the upper limit of the incuba- 
tion period had been reached. 

Very little is known about the susceptibility of older dogs. We 
have noticed several instances where older dogs developed lesions 
following contact with infected puppies. On the other hand, other 
dogs, after repeated contact with infected puppies, did not develop 
the lesions. 

Attempts were made to reinfect four puppies in which complete 
regression of the lesions had taken place. In no instance were we 
successful. Two other puppies, each bearing lesions of about thirty 
days’ duration on one side of an upper lip, were reinoculated with 
virus on the opposite sides. Neither developed fresh lesions. 

The gross appearance of the lesions varies considerably through- 
out the course of the disease. In case the buccal mucosa has been 
scarified and inoculated with the virus, the lesions usually become 
noticeable around the thirtieth day following inoculation as pale, 
smooth elevations which correspond to the lines of scarification. 
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At the end of a week the elevations are more conspicuous, and their 
surfaces tend to be slightly rough. As a rule their growth during the 
second week seems much greater than during the first week. At 
first the lesions are flat, but by the end of the second week they be- 
gin to assume their characteristic papillomatous character. The 
older warts consist of a mass of closely packed papillae which are 
often as much as 7.5 mm. in length. If the lines of scarification are 
made close together during the inoculation process, a confluent 
mass of warts results. In case the lips are infected by injecting the 
virus into the buccal mucosa, the first visible lesions appear as 
minute, pale spots which correspond to the sites of the blebs made 
at the time of injection. These spots soon become pale elevations, 
which, as growth goes on, frequently assume a lobulated character 
due to unequal growth in different areas. These, too, soon assume 
their characteristic papillomatous conformation. The early lesions 
always appear paler than the mucous membrane which surrounds 
them. In case they are growing on pigmented lips the color contrast 
is very noticeable; although the warts may have a slaty gray pig- 
mentation if they arise on dark mucous membranes. 

Regressing warts usually become darker in color and somewhat 
shriveled. They gradually become smaller, regression usually being 
complete within two weeks of its commencement. The healing 
process leaves no scars. After the lesions have existed for four to 
six weeks, secondary warts in other parts of the mouth have not 
infrequently been observed. 

The general histological characteristics of the lesions are very 
similar to those of human warts. The very early lesions show exten- 
sive hyperplasia of the epithelium, as indicated by numerous mitotic 
figures. As a result the prickle cell layer grows progressively thicker. 
In lesions a little older, there may be seen small islands of rounded 
prickle cells which seem to have lost their intercellular bridges. 
These groups of cells evidently represent the beginning of the forma- 
tion of papillae. As further development takes place hyperkeratosis 
becomes a prominent feature. The cells of the Malpighian layer re- 
main approximately normal in size. Many of the squamous cells in- 
crease to several times their normal size and have intensely staining 
nuclei. The cytoplasm of many of them appears as coagulated fluid; 
other cells appear vacuolated. In the outer portions of the squamous 
cell layer the nuclei appear shriveled, and many of the cells have en- 
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tirely disappeared, leaving mesh-like spaces in the thickened layer 
of keratin. During the development of the lesion the corium pre- 
sents no abnormal cellular changes except hyperplasia to form papil- 
lae. In a few of our sections showing a wart that is definitely de- 
generating there may be seen a few round cells and plasma cells in 
the corium. 

It is only in sections of older warts that any suggestion of cellular 
inclusions is to be seen. In such sections many of the cells just be- 
neath the keratin layer are seen to contain within their cytoplasm 
round to oval bodies which vary from 1 to 5 microns in diameter. 
These bodies may be seen sometimes in the swollen squamous cells, 
but more commonly they occur in the cells of normal size. These 
bodies are usually acidophilic, presenting the same staining reac- 
tions as the adjacent keratin. They are regarded as keratohyaline 
masses. Also, within the nuclei of a few of the swollen cells just 
under the keratin layer there may be seen large round to oval, in- 
tensely basophilic masses which almost fill the nuclei. Occasionally 
lobulated intranuclear masses may be seen. They are never observed 
except in areas where the cells are definitely degenerating. Stain- 
able granules which might be interpreted as representing the virus 
could not be identified in smears of wart tissue stained according to 
the technique of Morosow. 


DISCUSSION 


The virus of oral warts in dogs seems to possess greater cellular 
specificity than does the virus of human warts. This is indicated by 
our success in inducing lesions only in the mouths of puppies, al- 
though the skin and other mucous surfaces were likewise injected 
with the virus. Further evidence of the specificity of the virus is fur- 
nished by our failure to induce the lesions in the buccal mucous 
membranes of kittens, rabbits, guinea pigs, rats, mice and monkeys. 
In view of the remarkable specificity of the wart viruses we believe 
that confirmation should be obtained before Ullmann’s report of the 
successful inoculation of a dog’s vaginal mucous membrane with 
human wart virus is generally accepted. sates 

Little is known about the proportion of older dogs that are suscep- 
tible to the disease, but judging from our experiments practically all 
healthy puppies are susceptible. The average incubation period is 
from thirty to thirty-three days. In malnourished or sickly puppies 
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frequently another week is required before the lesions become ap- 
parent. We are unable to explain this variation, but such factors as 
malnutrition, acidosis, dehydration, or elevated temperature may 
play a part in retarding the development of the lesions. 

The experimental lesions have a tendency to regress somewhat 

earlier than the spontaneous ones. In some cases the warts had com- 
pletely disappeared within six weeks after their appearance. Sur- 
gical removal of portions of the warts, for experimental purposes, no 
doubt hastened their regression. Animals in which warts were 
definitely regressing could not be successfully reinoculated with the 
virus, although the regressing warts still contained active virus 
capable of infecting normal puppies. This fact suggests that the 
= development of immunity determines the limit of growth and initi- 
ates the regression of the papillomas. 
a In microscopic sections of younger lesions we have been unable to 
observe anything convincing of virus inclusions. Older lesions show 
in some of the cells of the peripheral portions of the prickle layer 
small, rounded, acidophilic, intracytoplasmic masses which we 
judge to be masses of keratohyalin. In an occasional large, char- 
acteristic wart cell there may be seen a large basophilic body which 
almost completely fills the nucleus. These homogeneous, basophilic 
structures are quite similar to the Lipschitz bodies encountered in 
ae human warts. On the basis of our present knowledge we regard them 
- as abnormal degenerative products of the nuclei occurring second- 
arily to the processes of hyperplasia and hyperkeratinization. 

Notwithstanding the absence of definite cellular inclusions which 
suggest to us the presence of an intracellular virus, we recognize in 
warts, both human and canine, cellular changes which we regard as 
characteristic of the infection. These consist mainly in an enlarge- 
ment of certain epithelial cells, associated with an increase in both 
cytoplasm and nucleus. Not infrequently the apparent volume of 
the cytoplasm is relatively more greatly increased than the nuclear 
volume. This change results in the appearance of large clear epithe- 
oon lial cells, singly or in small groups, surrounded by normal cells. The 
= altered cells do not differentiate but tend to remain simple and in- 
: tact even after keratinization has completely immured them. 
oS This characteristic cellular change indicates to us that the virus of 
es warts is an intracellular agent, that is, a cytotropic virus. It is 
noteworthy that occasionally a large ‘‘ wart cell” appears to rupture, 
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leaving a small cyst-like space filled with serum. Like certain other 
cytotropic viruses, that of warts excites cells to hyperplastic growth, 
and leads to abnormal structural changes which may eventuate in 
swelling and lysis or rupture. But above all, the lesion is character- 
ized by localized hyperplasia. 

The ease with which the virus passes through the finest Berkefeld 
candle suggests the likelihood that it will also pass through still finer 
filters such as the Chamberland. 

Several qualities contribute to make this virus ideal for the study 
of its physical properties. Among these are its remarkable specifi- 
city, the ease with which it may be secured in quantity, the ease of its 
preservation by drying (vacuum or glycerine), the susceptibility of 
practically all puppies to infection by it, and the fairly constant in- 
cubation period of the disease which it produces. 

Puppies recovered recently from the experimental disease are 
immune to subsequent inoculation. 


SUMMARY 


1. Infectious papillomas occurring in the mouths of dogs have 
been described. 

2. The general histological characteristics of the lesions are very 
similar to those of human warts. 

3. Basophilic intranuclear bodies, similar to the Lipschitz bodies 
of human warts, occur in a few of the large wart cells of the older 
lesions. Their connection with the etiological agent of the disease 
remains to be proved. 

4. Judging from our experiments practically all puppies are sus- 
ceptible to the disease, but little is known regarding the proportion 
of older dogs that are susceptible. 

5. The average incubation period of the disease in healthy pup- 
pies varies from thirty to thirty-three days, but may be as much as 
ten days longer in malnourished, sickly puppies. 

6. The lesions usually heal spontaneously. Regression in the 
experimental lesions occurs somewhat earlier than in the natural 
infection. 

7. Puppies that have recovered from the disease are immune to 
reinfection. 
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8. We have not succeeded in inducing the disease in rabbits, rats, 
mice, guinea pigs, kittens, or monkeys. 


g. In puppies the disease is easily transmitted in series by means 
— of Berkefeld filtrates obtained from the lesions. 

10. The virus possesses a high degree of cellular specificity, ap- 
parently affecting only the mucous membranes of the mouth. 

11. The virus may be preserved for long periods in equal parts of 
glycerol and saline, or by drying the infectious tissue im vacuo while 
frozen. 

12. Subjection of the virus to a temperature of 58° C for one hour 
renders it non-infectious. A temperature of 45° C for a similar period 
does not appreciably impair its virulence. 


4 REFERENCES 


1. Variot, G. Un cas d’inoculation expérimentale des verrues de l’enfant a 
l’ homme. J. clin. thérap. infant., 1894, No. 34, 529. 
2. Jadassohn, J. Sind die Verrucae vulgares iibertragbar? Verhandl. d. 
deutsch. derm. Gesellsch., 1896, 5, 497- 
3. Lanz, O. Experimentelle Beitrage zur Geschwulstlehre. Deutsche med. 
Wehnschr., 1899, 25, 313. 
4. Juliusberg, M. Zur Theorie der Pathogenese des spitzen Kondyloms. 
Arch. f. Dermat. u. Syph., 1903, 64, 163. 
5. Ciuffo, G. Innesto positivo con filtrato di verruca volgare. Gior. ital. d. 
mal. vener., 1907, 48, 12. 
6. Serra, A. Ricerche istologiche e sperimentali sul condiloma acuminato — 
I papillomi del capo e la verruca volgare. Gior. ital. d. mal. vener., 1908, 
49, II. 
7. Wile, U. J., and Kingery, L. B. The etiology of common warts. Prelimin- 
ary report of an experimental study. J. A. M. A., 1919, 73, 970. 
8. Kingery, L. B. The etiology of common warts. J. A. M. A., 1921, 76, 440. 
9. Findlay, G. M. A System of Bacteriology, 1930, 7, 252. 
10. Roxburgh, A. C. Warts and their treatment. Practitioner, 1928, 121, 80. 
11. Waelsch, L. Ubertragungsversuche mit spitzem Kondylom. Arch. f. 
Dermat. u. Syph., 1918, 124, 625. 
% 12. Serra, A. Studi sul virus della verucca, del papilloma, del condiloma acu- 
' minato (etiologia, patogenesi, filtrabilita) nota preventiva. Gior. ital. d. 
mal. vener., 1924, 65, 1808. 
13. Ullmann, E. V. On the aetiology of the laryngeal papilloma. Acta oto- 
laryng., 1923, 5, 317- 


3 
‘al 
i 


14. 
15. 


16. 
17. 


18. 


19. 


20. 


INFECTIOUS ORAL PAPILLOMATOSIS OF DOGS 55 


Magalhaes, A. Verruga dos bovideos. Brasil-med., 1920, 34, 430. 


Sanfelice, F. Uber einige nach der Mannschen Methode farbbare und 
Parasiten vortauschende Gebilde kernigen Ursprungs bei einer Hauter- 
krankung des Discoglossus pictus. Zentralbl. f. Bakt., Pt. 1, Orig., 1913, 


79, 345. 

Borst, Max. Die Lehre von den Geschwiilsten. Wiesbaden, 1902, 2, 525. 

Penberthy, J. Contagious warty tumours in dogs. J. Comp. Path. & 
Therap., 1898, 11, 363. 

M’Fadyean, J., and Hobday, F. Note on the experimental transmission of 
warts in the dog. J. Comp. Path. & Therap., 1898, 11, 341. 


Lipschitz, B. Uber Chlamydozoa. Strongyloplasmen. Wien klin. 
Wehnschr., 1924, 3'7, 287. 


Kyrle, J. Vorlesungen iiber Histo-biologie der menschlichen Haut und 
ihrer Erkrankungen. Vienna and Berlin, 1925, 158. 


Sangiorgi, G. Uber einen Befund in der Warze (Verruca Porro). Zentralbl. 
f. Bakt. Pt. 1, Orig., 1915, '76, 257. 


; 


DESCRIPTION OF PLATES 


PLATE 4 


Fic. 1. Mouth of dog showing spontaneous warts. This photograph was made 
twelve weeks after the first small group of warts was noticed. 


Fic. 2. Puppy’s mouth showing the warts as they appeared sixty-six days after 
injection of the Berkefeld filtrate. In this case the incubation period was 
thirty-three days. 


Fic. 3. Photograph of very early lesions as they appeared following inoculation 
of the scarified buccal mucosa. Note the linear arrangement of the lesions 
corresponding to the lines of scarification. 


Fic. 4. A cross-section of the lesion shown in Fig. 3. Note the epithelial hyper- 
plasia. x 60. 
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PLATE 5 


Fic. 5. Longitudinal section of an older wart showing its papillomatous na- 
ture. X12. 


Fic. 6. Transverse section from an old wart. x 12. 


Fic. 7. A higher magnification of a transverse section of a papilla of an ac- 
tively growing wart. Note the inner core of malpighian cells which are 
approximately normal in size. Surrounding these may be seen the large, 
characteristic wart cells. x 300. 
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PLATE 6 
Fic. 8. Cross-section of a papilla showing marked keratinization. x 300. 


Fic. 9. Longitudinal section of a papilla showing the large wart cells lying be- 
tween the malpighian cells and the outer layer of keratin. x 300. 
Fic. 10. Longitudinal section of an older wart showing an area from which 


many of the large wart cells have disappeared, leaving a mesh-like arrange- 
ment of the keratin. x 300. 
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PLATE 7 

Fic. 11. Cross-section of a papilla from a regressing wart. Malpighian cells 
have disappeared, but the wart cells are still present. Keratinization is 
marked. x 300. 

Fic. 12. Basophilic intranuclear inclusions which occur in a few of the large 
wart cells. These have been observed only in older warts. 1250. 
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TULAREMIC ENCEPHALITIS * 


PATHOLOGY OF ACUTE TULAREMIA WITH BRAIN INVOLVEMENT 
AND COEXISTING TUBERCULOSIS 


F. W. Hartman, M.D. 
(From the Department of Laboratories, Henry Ford Hospital, Detroit, Mich.) 


Since Francis! accumulated the reports of twenty-four deaths 
from tularemia in 1928, at least five additional reports of death have 
been published. Of these five cases autopsies were done in two in- 
stances, bringing the total number of reported autopsies, to date, to 
ten. An additional case, with two unique features and in which 
an autopsy was performed, is the basis of this report. The unique 
features are, first, involvement of the brain without involvement 
of the meninges, and second, the presence of active tuberculosis of 
the left kidney and right epididymis. 


REPORT OF CASE 


Clinical History: Patient admitted December 22, 1930 at 11.30 P.M., with 
a complaint of fever and delirium. He had had measles and influenza, but there 
was no history of tuberculosis. His habits were good. Family history unim- 
portant. On December 10, while working in a butcher shop, he lacerated his 
hand at the base of the left thumb. He was cleaning fish at the time of the acci- 
dent, but just previous to this had been skinning rabbits. He covered the 
wound with iodine and continued his work. December 14, the hand became 
swollen and the axillary glands enlarged and quite painful. At this time he felt 
“feverish” and consulted his physician, who told him the injury had become 
infected and treated him accordingly. For three days there was local and gen- 
eral improvement, but December 18 more fever and malaise developed, with 
delirium and profuse sweats which lasted for four days. The temperature 
ranged from 1o1 to 103° F. His physician noted stiffness of neck. 

Physical examination showed a well nourished and well developed adult male 
breathing loudly but regularly, and aroused with difficulty. The pupils were 
dilated and reacted to light and accommodation. The lips were cracked, dry and 
bled easily; the mucous membranes were coated. Throat clear. Teeth in good 
repair. Definite rigidity of neck was present. Lymph glands and thyroid of 


* Read before the American Association of Pathologists and Bacteriologists at 
Cleveland, Ohio, April 2, 1931. 

t The history and clinical course are briefly abstracted, as they will be given in a 
detailed report from the Department of Medicine at a later date. 
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usual size. Chest expansion normal, resonant throughout, respirations wheezing 
with few dry rales. Heart sounds regular, no murmurs. Blood pressure 118/80. 
The abdomen was on a level with the chest and there was no muscle spasm or 
tumor masses. The extremities were not unusual except an ulcer 2.5 cm. in di- 
ameter on the left thenar eminence. There was no visible lymphangitis but the 
axillary glands were enlarged. (Physician stated lymphangitis could be readily 
seen and that one axillary gland had been the “‘size of a lemon.””) Kernig and 
Babinski signs negative. Hemoglobin 14.7 gm., red blood cells 4,830,000, white 
blood cells 11,500, polymorphonuclear leucocytes 84, small mononuclears 14, 
transitional cells 2. Urine: amber, specific gravity 1.018, acid, albumin 1 plus, 
sugar negative, no red blood cells, white blood cells or casts. Blood culture 
negative at thirty-six hours. 

Progress: On December 29 the patient was drowsy and stuporous, the tem- 
perature 101.2° F. Many rales, especially at left base, were noted. The wound 
was clean and granulating. Blood culture agglutinated B. tularense 1:640. 
December 31, red blood cells were 4,790,000, hemoglobin 13.9 gm., white blood 
cells 11,400. Urine, albumin 2 plus. Agglutination with B. taarense 1:1280. 
January 1, 500 cc. of blood from a convalescent patient with a titer of 1:640 was 
given to the patient. January 2 the temperature was only slightly lower, but 
patient was rational. Three days later a papular eruption appeared, covering 
the back from scapulae to buttocks. The next day, January 6, he had a slight 
convulsion. On January 9 a spinal puncture was made which showed bloody 
fluid, negative culture, sugar 42 mg., white blood cells 145. January 20 the tem- 
perature was 104° F, rales were noted over right base and impairment over left 
base. The respirations became irregular and death took place. 


Autopsy REPORT 


Body: Middle-aged, white male 163 cm. in length. Skeleton slight, 
poorly nourished. Axillary glands on left enlarged. At base of left 
thumb there is healing ulcer 3 by 1.5 cm. 

Abdomen: Surfaces smooth and glistening. Liver reaches costal 
margin. Spleen enlarged. 

Thorax: No excess of fluid or adhesions. Pericardial sac contains 
100 cc. clear fluid. 

Heart: Weight 320 gm. Subepicardial fat moderate in amount, 
vessels tortuous but not sclerotic, right auricle and ventricle dilated 
and filled with liquid blood, valves intact. The myocardium is pale, 
but of good consistency. 

Lungs: Left lung weighs 600 gm., right 650 gm. There are no 
scars at the apices. The peribronchial lymph nodes are enlarged and 
show small grayish white areas of necrosis. On the right side small 
grayish areas of necrosis are seen beneath the pleura and scattered 
through the parenchyma. Sections from the peribronchial lymph 
nodes show small areas of necrosis and polymorphonuclear infiltra- 
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tion. The epithelioid reaction is slight and no giant cells are found. 
Gram-Weigert and Ziehl-Neelsen stains show no bacteria. Sections 
from lungs show necrosis with little epithelioid or other cellular re- 
action and no giant cells. Gram-Weigert and Ziehl-Neelsen stains 
negative for bacteria. 

Spleen: Weight 300 gm. The capsule is bluish red in color and 
shows no wrinkling, but there are a few grayish areas of necrosis 
shining through. On section the pulp is very soft and bloody. The 
necrotic areas cannot be made out. On microscopic examination 
the areas of necrosis are small and difficult to find. They are sharply 
outlined and there is some epithelioid reaction at the periphery. No 
giant cells are found. Stains for bacteria are negative. 

Liver: Weight 1900 gm. The capsule is smooth and a few small 
grayish yellow areas of necrosis are seen shining through. On the 
dorsal surface, at the junction of the right and left lobes, is a soft 
necrotic area 8 mm. in diameter filled with grayish homogeneous 
material. The parenchyma is brick red in color and the cut surface 
is finely granular. Lobulation is distinct and there is no increase in 
fibrous tissue. Microscopic examination shows minute areas of 
necrosis infiltrated by leucocytes. There is no epithelioid reaction 
and no giant cells. Gram-Weigert and Ziehi-Neelsen stains reveal 
no bacteria (Fig. 1). 

Kidneys: Weight, right 200 gm., left 200 gm. The capsules strip 
readily, leaving smooth, unscarred, cortical surfaces. On section the 
cortex ranges from 7 to 10 mm. and the usual architecture is well 
made out. In the upper pole of the left kidney the calyces are lined 
by grayish granulation tissue and are enlarged. Microscopic sec- 
tions through involved calyces show whorls of epithelioid cells with 
giant cells forming typical tubercles. Acid-fast bacilli are readily 
demonstrated (Fig. 2). 

Testicles: The left testicle is missing. The right epididymis is en- 
larged and indurated with a caseous abscess 1 cm. in diameter. 
Microscopic sections show whorls of epithelioid cells with giant cells 
and necrosis forming single and conglomerate tubercles. As many as 
ten acid-fast organisms to a single field are demonstrated by Ziehl- 
Neelsen stains. 

Brain: Dura is of usual thickness and translucent. The convolu- 
tions are broad and flat and the sulci are correspondingly narrow. 
The inner meninges show no edema or infiltration. On section 
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through the fixed specimen the corpus callosum, basal nuclei, pons 
and the adjacent tissue show soft, grayish yellow, necrotic or hem- 
orrhagic areas ranging from o.5 to 3 mm. in diameter (Fig. 3). 
Microscopic sections taken through the brain and necrotic lesions in 
various places show a necrosis similar to that seen in glands, lungs, 
spleen and liver, except that it is much more extensive and that there 
is hemorrhage in places. There is more leucocytic infiltration also. 
The blood vessels within and near the necrotic areas show marked 
proliferation of the lining endothelium with narrowing, and in some 
cases, obliteration of the lumen. Gram-Weigert and Ziehl-Neelsen 
stains fail to reveal bacteria (Fig. 4). 


DISCUSSION 


With active tuberculosis demonstrated in the left kidney and the 
right epididymis by finding the tubercle bacillus in the lesions and by 
reproducing the disease in guinea pigs, the question naturally arises 
as to whether all the pathology and particularly that in the brain 
could be explained on the same basis. Aside from the clinical history 
which is typical of tularemia, and the high agglutination titer 
(1: 2480) of the patient’s serum for B. tularense, the lesions in the 
lymph nodes, spleen, lungs, liver and brain are quite different from 
those in the left kidney and epididymis, in that the former show more 
necrosis, less epithelioid reaction and no giant cell reaction. Further- 
more, sections from lymph glands, spleen, lungs, liver and brain 
were stained by the Ziehl-Neelsen method at the same time as sec- 
tions from the kidney and epididymis, but no acid-fast bacilli were 
found in the former, while as many as ten acid-fast bacilli were 
found in a single oil immersion field in the latter. 

Brain involvement has not previously been reported in man. 
However, Francis and Callender ? record a negro with swelling and 
suppuration of the axillary glands who died after several days of 
stupor and coma. The clinical diagnosis was tuberculous meningitis. 
The autopsy showed bronchopneumonia and the spleen, liver and 
meninges showed opaque firm nodules. Although the pathology was 
interpreted at the time as tuberculous meningitis, tubercle bacilli 
were not demonstrated, so the possibility of tularemia was suggested 
later. 

Experimentally Dwijkoff * has produced hemorrhagic lesions of 
the brain stem in guinea pigs with B. tularense. 


tee 
Pe 


TULAREMIC ENCEPHALITIS 61 


On the other hand, it is doubtful if tuberculosis ever produces a 
general inflammation of the brain substances as seen in this case, 
that could properly be called encephalitis, at least in the absence of 
meningeal and ependymal lesions. Roque, DeChaume and Ra- 
vault * report a single case of ‘tuberculous meningo-encephalitis,”’ 
and describe the principal lesions in the meninges and ependyma 
with involvement of only the brain substance immediately adjacent. 

In addition to lethargic encephalitis, encephalitis is known to 
occur in measles, scarlet fever, whooping cough, mumps, typhoid 
fever, typhus fever, variola, varicella and diphtheria. In tularemic 
encephalitis, if judged by this single observation, the lesions are 
even more extensive than in most of the diseases mentioned and are 
characterized by proliferation of the endothelium of the blood ves- 
sels, endarteritis, extensive necrosis, particularly of the white matter, 
and hemorrhage. 

SUMMARY 


1. Acase of acute tularemia with diffuse encephalitis and co- 
existing tuberculosis of the kidney and epididymis is described. 

2. The brain lesions are readily seen as areas of yellow necrosis 
and hemorrhage throughout the base. 

3. Microscopically there is patchy necrosis with round, wan- 
dering cell and polymorphonuclear infiltration. 
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DESCRIPTION OF PLATES 


PLATE 8 


Fic. 1. Photomicrograph of liver showing area of necrosis without giant cells. 
Fic. 2. Photomicrograph of left kidney showing typical tubercle. 
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PLATE 9 
Fic. 3. Coronal sections of jbrain showing areas of necrosis and hemorrhage. 


Fic. 4. Photomicrograph of brain showing area of necrosis with leucocytic 
infiltration at periphery. 
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A STUDY OF VACCINE VIRUS PNEUMONIA IN RABBITS * 


R. S. Mucxenruss, M.D., H. A. McCorpock, M.D., anp J. S. HARTER, M.D. 


(From the Department of Internal Medicine and the Department of Pathology of Washing- 
ton University School of Medicine, St. Louis, Mo.) 


The results of the inoculation of vaccine virus into the lungs of 
rabbits have been variable in the hands of different workers. Cal- 
mette and Guérin ! in 1901 introduced virus into the trachea, lungs 
and pleura of rabbits without producing apparent lesions, although 
animals so treated were subsequently shown to be immune to vac- 
cinia. Shortly thereafter Bosc ** reported alterations in the lungs 
of rabbits following the introduction of vaccine virus, and in 1904 
published his findings in detail. Positive results were observed in 
three out of twelve animals inoculated. The lungs were described as 
enlarged, gray or somewhat violaceous, and of the consistency of 
liver. Histologically, a cellular proliferation was the most promi- 
nent feature, and he spoke of the lesions as neoplastic. Endothelial 
proliferation in the capillaries of the involved areas was mentioned. 
Inclusions were observed in all of the vaccinal lesions, although no 
such structures in the lung lesions were illustrated. 

Haaland,’ in 1905, injected vaccine lymph intratracheally and 
observed lesions in the tracheal mucosa, usually at the site of the 
needle puncture, characterized by cellular proliferation and the 
presence of Guarnieri bodies. Lung lesions were observed, which he 
concluded were not caused by vaccine virus: (1) because the same 
lesions could be produced in vaccine-immune animals and by non- 
specific material; (2) the virus could not be demonstrated in the 
involved lung; and (3) filtrates of these lungs did not cause distinc- 
tive lesions and did not confer immunity to the virus. Numerous 
bodies were present in the lungs but they varied in size and had 
no definite relation to the nucleus, and could not be identified as 
Guarnieri bodies. He found no evidence of the neoplastic changes 
described by Bosc. 

In 1929 Cattaneo ° introduced neurovirus into the trachea and 
into the parenchyma of the lungs, producing alterations in which he 


* Received for publication August 17, 1931. 
63 


} 
a 
a 


64 MUCKENFUSS, McCORDOCK, HARTER 


discerned three stages of fibrinous pneumonia. He described numer- 
ous granules in the involved areas and thought them derived from 
degenerated leucocytes. He interpreted the lesion as unquestionably 
due to vaccine virus, since cultures of the lung tissue remained sterile 
and the triturated lung tissue yielded lesions typical of vaccinia 
when inoculated into the cornea of rabbits. 

In repeating this work, but using commercial vaccine prepared in 
Pavia, no lung lesions were produced, although the inoculated ani- 
mals became immune. This difference in the activity of different 
viruses may explain the discrepancies reported. 

Armstrong and Lillie *® in 1929, using a heat-selected strain of 
virus, reported the production of serofibrinous pneumonia in rabbits 
after intratracheal or intranasal inoculation. This virus was passed 
from lung to lung eight times with no decrease in activity. Only one 
of eight immune animals developed pneumonia. Cytoplasmic inclu- 
sions were described in the bronchial and alveolar cells, as well as 
proliferative reactions in the blood vessels of the involved area. Ina 
more comprehensive report published later, these findings were 
illustrated.’ 

The publications quoted seem to establish the fact that it is pos- 
sible to cause pneumonia in rabbits by means of some strains of vac- 
cine virus. There seems, however, to be no agreement concerning the 
occurrence of vaccine bodies in the reported lesions, or the réle 
played by the material associated with the virus in producing the 
changes described in the lungs. 


METHODS AND MATERIALS 


Neurovirus of Levaditi, furnished by Dr. T. M. Rivers, was used. 
Rabbits were killed on the fourth day after intratesticular inocula- 
tion and the testicles removed aseptically and triturated with sterile 
sand. About ro cc. of Locke’s solution was added and the suspen- 
sion centrifuged at high speed for twenty minutes. The supernatant 
fluid was diluted 1:10 in sterile Locke’s solution before inoculation. 

Animals were anesthetized and a needle was inserted through the 
anterior surface of the neck into the trachea, and 1 to 2 cc. of virus 
injected. The head of the animal was elevated so that the fluid 
would flow into the lungs. In some experiments a catheter was 
passed through the mouth and into the trachea, but as this method 
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was less certain the method first described was used in most of the 
work. 

Each series of animals included some rabbits that had been im- 
munized by skin inoculation from one to three months previously. 

A total of thirty-one animals, of which thirteen were immune, was 
used. Three animals were inoculated with emulsions of normal rab- 
bit testicle. Virus heated to 56° C. for three hours, virus admixed 
with an equal quantity of immune serum, and herpes virus (H. F. 
strain) were also used as controls. Virus was applied directly to a 
scarified area in the trachea of one normal animal. 

Daily observations were made on the inoculated animals. Tem- 
perature elevations were unusual and not related to the findings at 
autopsy. Dyspnea was rarely observed, even shortly before the 
death of the animal. 

The animals were killed at intervals varying from one to five days 
after inoculation and the lungs fixed by injecting Zenker’s fluid into 
the trachea under low pressure. Other organs were examined, but 
as no changes were observed, either grossly or microscopically, they 
will not be described in this report. 


Gross LESIONS 


Non-immune animals, in which the virus was introduced through 
a hypodermic needle, showed slight edema of the neck about the site 
of the injection. A severe form of this reaction was encountered a 
few times when some virus was lost in the subcutaneous tissue, be- 
cause the needle did not slip into the trachea at the first puncture. 
These animals showed a massive edematous swelling of the loose 
tissue of the neck, and occasionally also of the mediastinum. 

The mucosa of the trachea was always red and swollen about the 
needle puncture wound, and shreds of fibrin often were attached to 
the epithelium. Whenever lesions were found in the lungs, the mu- 
cosa of the primary bronchi and lower part of the trachea also was 
inflamed. If a catheter had been used there was no edema of the 
neck. 

Gross lesions were found in the lungs of normal animals twenty- 
four hours after the introduction of the virus. Slightly elevated 
patches of translucent gelatinous consolidation and of soft doughy 
consistency were found usually in the posterior part of the lower 
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lobes. The distribution of these was lobular, but in animals with 
severe reactions the greater part of one lobe was involved. These 
patches varied in color from a grayish pink to a light brown. On 
section, fluid could be squeezed from the boggy areas, leaving a 
slightly granular surface. Tiny, yellow opaque flecks were often 
seen on the cut surface. Except in two discarded animals that had 
contracted a bacterial pneumonia, we did not encounter patches 
resembling the dry, gray consolidation seen in the gray hepatization 
stage of lobar pneumonia. 

In some animals, as early as twenty-four hours, but most fre- 
quently on the second day and after, areas of hemorrhagic consolida- 
tion appeared. These seemed to represent a later stage of the edema- 
tous patches. They were sharply circumscribed, dark red areas, 
firm and granular on the cut surface, and resembled small infarcts. 
Three or four days after injection the lungs usually contained many 
edematous patches and a few of these dark red infarct-like areas. 
In one animal about half of the lower lobe showed the dark red con- 
solidation with edematous lobules scattered throughout the remain- 
ing lung tissue. 

The majority of the immune animals presented no gross lesions. 
A few contained small gelatinous patches and an occasional gray or 
red opaque fleck on the cut surface. 


HISTOLOGICAL FINDINGS 


Lungs: The earliest gross lesions, the areas of gelatinous consoli- 
dation, prove to be groups of alveoli filled with coagulated al- 
buminous fluid and varying amounts of fibrin (Figs. 1 and 3). Some 
alveoli contain large tangled masses, others show only a few isolated 
strands. The cellular component of the alveolar exudate varies in 
different animals and in separate regions of the same lung. The 
primary cellular response consists of a mobilization of numbers of 
large mononuclear phagocytes within the alveoli and about the 
bronchi and blood vessels. Mitoses are numerous in these mono- 
nuclear cells. Occasionally the cytoplasm of several of these phag- 
ocytes is fused, forming a giant cell. The number of cells in different 
alveoli is extremely variable, ranging all the way from the few dust 
cells seen in normal lungs to a complete filling of the air space, with 
obliteration of the pulmonary markings (Figs. 4 and 8). Polymor- 
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phonuclear leucocytes can be found, but they do not yet form a con- 
spicuous part of the exudate. 

In many of the consolidated portions of the lung one can see 
necrosis of the cellular exudate and focal necrosis of the alveolar 
walls (Fig. 6). Here the nuclei are pyknotic or fragmented, and this 
degenerating and necrotic tissue is infiltrated with polymorphonu- 
clear leucocytes. Wherever necrosis occurs, the polymorphonuclear 
leucocyte becomes the predominating cell. With the destruction of 
the alveolar walls, blood escapes into the alveoli and areas of hemor- 
rhage appear. Widespread necrosis is always followed by a large 
hemorrhage producing infarct-like zones. 

Blood Vessels: Characteristic changes occur in and about the larger 
blood vessels. The perivascular lymphatics become distended and 
are filled with coagulated, albuminous fluid containing many large 
mononuclear cells, together with a few lymphocytes and polymor- 
phonuclear leucocytes. Later, necrosis of many of these mononuclear 
cells is accompanied by an increased number of polymorphonuclear 
leucocytes and the presence of varying amounts of fibrin. At this 
stage the wall of the adjacent blood vessel often shows foci of necrosis 
in its adventitia and even, at times, in the outer part of the media. 
The necrosis is either preceded or accompanied by edema of the 
vessel wall. We have not been able to confirm the observation of 
Lillie and Armstrong’ that the vacuoles in the media of swollen ar- 
teries are filled with a mucin-like substance, on staining with toluidin 
blue. However, in our material, sections stained with toluidin blue 
did occasionally show fine red fibrils apparently in and between the 
muscle fibers, but the vacuoles were always as clear as the artist has 
illustrated them in color (Plate 3) in the above-mentioned article. 
Large numbers of polymorphonuclear leucocytes invade all coats of 
the damaged vessel wall, and in extreme cases the intima is lifted up 
by a collection of inflammatory cells (Fig. 5). Thrombosis of these 
vessels is never seen. 

Bronchi: A patch of necrotic epithelium is frequently seen in a 
bronchus with collections of polymorphonuclear leucocytes in and 
about the dead tissue. These leucocytes also infiltrate the submu- 
cosa and often extend through all the layers of the bronchial wall. 
A small bronchus may have its lumen occluded by a cellular exudate 
when the epithelium is necrotic. The larger ones are never plugged 
but merely have a few layers of fibrinous exudate containing leu- 
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cocytes, forming an elevated plaque over the strip of necrotic epithe- 
lium. 

Inclusions of the Guarnieri body type were found in the bronchial 
epithelium in four of the non-immune animals inoculated with vac- 
cine virus. They are round or ovoid, give the characteristic staining 
reactions (acidophilic), are surrounded by a clear zone in the cyto- 
plasm and often indent the nucleus (Fig. 7). Despite extensive 
search Guarnieri bodies were never found in the cells lining the 
alveoli or even in the epithelium of the alveolar ducts. Immune or 
control animals never showed inclusions. A great variety of frag- 
ments can be found in the degenerating bronchial epithelium and in 
the cells of the alveolar walls, some of which may be misleading; but 
if the characteristics mentioned above are strictly observed in the 
identification of Guarnieri bodies, there can be no confusion. 

In one normal animal, after opening the trachea, we applied virus 
directly to a scarified area in the epithelium. Sections from this re- 
gion show a profusion of typical Guarnieri bodies in the epithelial 
cells of the trachea, in every way similar to those found in the 
bronchial epithelium of the animals with virus pneumonia, as illus- 
trated in Fig. 7. 

Immune Animals: The majority of the immune animals show few 
microscopic lesions characteristic of a vaccine virus pneumonia. A 
few lungs contain small collections of large mononuclear cells about 
the bronchi and blood vessels (Fig. 2). One animal, however, shows 
arge areas of consolidation in which the alveoli are stuffed with 
mononuclear cells and, in places, a little fibrin. The blood vessels 
and bronchi display lesions similar to those seen in the non-immune 
animals, but there are no inclusions. A zone of edematous tissue 
encircles these patches of pneumonia. 

Control Animals: No abnormal changes are seen in the lungs of 
animals injected with extracts of normal testicle. Animals inocu- 
lated with heated virus, or with virus admixed with immune serum, 
show slight reactions similar to those seen in the majority of the 
immune animals. In the animals receiving herpes virus tiny collec- 
tions of mononuclear cells appear about small blood vessels and 
bronchi in a few places, but this reaction is much less than that seen 
in the immune animals injected with vaccine virus. 

Except in two discarded animals with positive lung cultures, bac- 
terial stains never revealed the presence of bacteria anywhere in the 
lungs, bronchi or blood vessels. 
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DISCUSSION 


It seems justifiable to conclude that vaccine virus is capable of 
causing a characteristic pneumonia when introduced into the lungs 
of rabbits, although, apparently, this property is not common to all 
strains of virus. The absence or minimal intensity of the reactions in 
vaccine-immune animals, and the failure of emulsions of normal 
testicle to produce lesions justify attributing the lesions described to 
the action of virus. Apparently, from the work of Haaland, certain 
non-specific substances are capable of causing lesions of a similar 
type, although such lesions were not encountered in the control ma- 
terial included in this study. Heated virus and virus admixed with 
immune serum caused slight reactions that were not to be compared 
with those resulting from the introduction of active virus. Acido- 
philic cytoplasmic inclusions were observed in the bronchial epithe- 
lium of only four animals, and in none of the immune animals or con- 
trol material, although it is possible that serial sections might have 
revealed their presence more frequently. The presence of numerous 
inclusions (similar to those seen in the bronchi of animals with virus 
pneumonia) in the tracheal epithelium to which vaccine virus had 
been applied directly, leaves little doubt that they are true Guarnieri 
bodies. On the other hand, the numerous other granules seen in cells 
in the involved areas of the lungs could not be identified as Guarnieri 
bodies. 

The animals that we injected with herpes virus showed few 
changes; however, this virus also seems capable of producing severe 
pulmonary reactions. In experiments upon rabbits with the Frank 
strain of herpes virus, Hofiman * produced a definite pneumonic 
process that was largely interstitial in character. The degree of the 
reaction varied in different animals, but some showed a massive 
consolidation. 

In view of the changes described in the blood vessels and capil- 
laries it might be natural to suppose that the dark red, infarct-like 
areas which were observed were true infarcts caused by thrombi 
forming in the damaged vessels. A careful study seems to show that 
they were not formed in this manner, but were probably due to the 
direct necrotizing action of the virus upon the cells of the alveolar 
walls in a localized area, leading to an escape of blood from damaged 
capillaries. Focal necrosis of cells lining the alveoli was seen before 
thrombi were visible in the capillaries. Furthermore, thrombi were 
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never present in arteries or veins even when leucocytes invaded all 
the coats of a vessel wall. Stewart and Duran-Reynals® hold a 
similar mechanism responsible for the focal liver lesions found in 
generalized vaccinia. 

The fact that Bosc described neoplastic lesions becomes intelli- 
gible, when one encounters the enormous number of large mononu- 
clear cells that occasionally are seen in a lung, completely obliterat- 
ing the pulmonary alveoli, as illustrated in Fig. 3. 

It must be pointed out that the vaccine virus pneumonia is unlike 
the ordinary bacterial pneumonia commonly seen in rabbits. In the 
former the areas of consolidation are lobular in distribution and not 
diffuse. The cells of the alveolar exudate are exclusively large 
mononuclears, until necrosis takes place, when polymorphonuclear 
leucocytes appear. Plugs of polynuclear cells are never seen in the 
bronchi and seldom in the alveoli, and, of course, bacteria are never 
present. The lesions seen in the blood vessels are not found in bac- 
terial pneumonia; and finally, Guarnieri bodies are present in the 
epithelial cells of the bronchi in a certain percentage of animals, al- 
though they are not necessary for the recognition of the virus 
pneumonia. 


SUMMARY 


1. A characteristic form of pneumonia can be produced in rabbits 
by the introduction of vaccine virus into the lungs. The alveoli first 
contain coagulated albuminous fluid and fibrin, and later a cellular 
exudate composed principally of large mononuclear cells. Necrosis 
of the exudate and of the alveolar walls leads to hemorrhage and to 
the appearance of polymorphonuclear leucocytes. 

2. The perivascular lymphatics are distended with coagulated 
fluid. The walls of many of the larger blood vessels are edematous 
and often show a diffuse infiltration of all the coats with polymor- 
phonuclear leucocytes. 

3. Guarnieri bodies have been demonstrated in the epithelial 
cells of the bronchi in four animals. 
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DESCRIPTION OF PLATES 


PLATE 10 


Fic. 1. Virus pneumonia in normal rabbit forty-eight hours after inoculation. 


The black zone at the right is the infarct-like lesion produced by necrosis 
and hemorrhage, while coagulated edematous fluid fills most of the re- 
maining alveoli. A scant cellular exudate can be seen in the light zone con- 
tiguous to the necrotic tissue. x 25. 

The insert is a higher magnification of the bronchus seen in the lower 
central portion of the low power field, and shows necrosis of a strip of 
epithelium, a lymph follicle and adjacent lung tissue. x 100. 


Fic. 2. Reaction in lung of vaccine-immune animal forty-eight hours after 


inoculation. Small foci of consolidation can be seen scattered throughout 
the section. These are mostly about bronchi and blood vessels. Note the 
absence of edema and necrosis. x 25. 

The higher magnification of one of these foci shows most of the cells to be 
large mononuclears. x 100. 
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PLATE II 


Fic. 3. Coagulated edematous fluid and fibrin filling the alveoli. Normal rab- 
bit twenty-four hours after inoculation. » 150. 


Fic. 4. Cellular exudate composed principally of large mononuclear cells. 
Normal animal forty-eight hours after introduction of virus. x 400. 
Insert shows mitotic figures in cells lining the alveoli. x goo. 
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PLATE 12 


5. Arterial lesion in lung of normal rabbit after forty-eight hours. The 
perivascular lymphatics are distended and contain a few clumps of cells. 
An edematous swelling has produced vacuoles in the media. The entire 
lower wall is infiltrated with polymorphonuclear leucocytes. and the intima 
in this region is lifted away from the media by a collection of cells. x 90. 

The details of this can be seen in the insert which is a higher power of the 
lower wall. x 250. 


6. Necrosis of exudate and alveolar walls, with escape of red blood cells 
is seen in the lower half of the picture. The alveolar walls in the upper por- 
tion are still intact, though many of the nuclei are pyknotic. Normal ani- 
mai forty-eight hours after introduction of virus. x 150. 
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PLATE 13 


Fic. 7. Guarnieri bodies in the epithelial cells of a small bronchus. Most of the 
inclusions have a clear halo and indent the nucleus. Normal rabbit forty- 
eight hours after inoculation. » 1000. 

Fic. 8. Unusually dense collection of large mononuclear cells in the lung of an 
immune animal forty-eight hours after inoculation, completely disguising 
the pulmonary architecture. x 400. 
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THE FREQUENCY OF ANOMALOUS RETICULA IN THE RIGHT 
ATRIUM OF THE HUMAN HEART “CHIARI NETWORK” * 


REPORT OF EIGHT CASES 


FERDINAND C. HELwic, M.D. 
(From the Department of Pathology, St. Luke’s Hospital, Kansas City, Mo.) 


In 1897 Chiari’ reported eleven cases in which a fine network was 
found in the right cardiac atrium, and although it was first observed 
by von Rokitansky,’ it has always been known as “‘Chiari’s net- 
work.” Anomalous variations of the venous valves of the right 
atrium are extremely common, and it is with these that Chiari’s net- 
work might possibly be confused. A true ‘Chiari network” is an 
anomaly which is formed of strands and reticula which stretch from 
the thesbian and eustachian valves across the right auricle to insert 
either into the crista terminalis or the endocardium near the tu- 
bercle of Lower. 

Several explanations of this anomaly have been proposed to ac- 
count for its development. Chiari thought that it was remnant of 
the right venous valve of the septum spurium. Looser * believed 
that it arose from a dislocation of the fibers from their normal points 
and took place as a result of irregularity in endocardial growth. 
Jordan,‘ in reporting two cases, was inclined to the view that the 
network was formed from remnants of portions of the valves of the 
right horn of the sinus venosus. In a recent personal communica- 
tion he is still of the same opinion. 

Since Chiari’s publication, fifteen additional cases have been 
studied and added to the literature. From the small number of re- 
ported instances of this anomaly one might assume that these 
structures are quite rare, while our findings lead us to believe the 
contrary is true. In a series of 460 autopsy examinations conducted 
at St. Luke’s Hospital from January 1, 1928, to July 1, 1931, a pe- 
riod of three and a half years, seven hearts showing this anomaly 
were seen, an incidence of 1.5 per cent. 


* Received for publication September 12, 1931. 
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In 1929 Yater,® in a splendid contribution on variations in the 
right atrial venous valves, found four examples in 120 hearts which 
he examined, an incidence of 3.3 per cent. In comparing my findings 
with those of Yater, I feel certain that I must have overlooked some 
cases incident to carelessness in removing and opening the heart. 
In the usual routine methods employed in these procedures little 
care is exercised in preserving the inferior vena cava, and, when the 
right auricle is opened, these delicate, thread-like structures are 
readily severed or torn away. Since employing more careful meth- 
ods, consisting of looking first into the inferior vena cava, and then 
so manipulating the scissors or knife when opening from cava to 
cava as to avoid any possible damage to structures of this character, 
I have found such a network present and intact, which could easily 
have been destroyed had not such precautions been applied. 

Interesting and peculiar clinical phenomena connected with the 
reported cases of “‘Chiari’s network” have been observed, although 
most of them were merely interesting accidents, since in almost all 
of the reported cases the networks were of no significance clinically. 
In one of his cases Chiari found that a thrombus had formed on the 
network, and this was the apparent source of a large pulmonary 
embolus from which the patient died. Haas,’ on the contrary, 
showed that in his case the network had apparently acted as a trap 
which ensnared the embolus entering the auricle through the inferior 
cava, thus preventing a possible fatal pulmonary embolism. 


CASE REPORTS 


CAsE 1. A woman, 67 years of age, on the service of Dr. G. H. Hoxie, gave a 
history of having had heart disease ‘‘almost all her life.” During the latter part 
of her illness the patient developed auricular fibrillation and became quite 
dyspneic. An X-ray revealed what was thought to be fluid filling almost the 
entire left chest. The pleural cavity was aspirated and only blood was obtained. 
The patient subsequently died of cardiac failure. 


The only autopsy findings of interest were those encountered in 
the chest. The left lung was markedly atelectatic, being compressed 
by the extreme dilatation of the left auricle. The lung was atrophied, 
so that it measured only 5 cm. in its greatest diameter. The left 
auricle was extremely dilated, and had a 1000 cc. capacity. This 
finding might possibly account for the incorrect X-ray interpreta- 
tion. There was a striking stenosis of the mitral valve with great 
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shortening of the chordae tendineae, and, apparently, both stenosis 
and regurgitation were present. Both lungs showed edema and pas- 
sive hyperemia. The remainder of the heart was not particularly 
hypertrophied. In the right auricle a typical “Chiari network” was 
found. The fibers extended from the thesbian and eustachian valves 
across a very large, closed foramen ovale (measuring 4 by 3 cm.), and 
were attached to the crista terminalis. The fibrillae, comprising this 
network, were thin and web-like in character. They met at a central 
point just over the foramen ovale, branching out and being attached 
at three different points along the crista terminalis at the opening of 
the superior vena cava. 


CAsE 2. This wasa woman 43 years of age (a patient of Dr. F.C. Rumsey’s), 
who had her first symptoms of cardiac failure in 1925, following unusual physical 
exertion. Except for rheumatic fever when a child, her cardiac history was 
negative. On her first admission to the hospital a diagnosis of mitral stenosis 
was made. She returned home, but on her second hospital admission she had a 
complete hemiplegia, doubtless of embolic origin. Several months later she had 
an occluding embolus of the left femoral artery which necessitated an amputa- 
tion above the knee on account of dry gangrene. She gradually developed a loss 
of myocardial tone and died five years after her first heart attack. 


At autopsy a large area of cystic softening was found in the 
right temporal lobe of the brain. The embolus which had caused the 
gangrene of the leg had become organized and existed as a knob-like 
cicatrix almost filling the arterial lumen. There was a marked 
sclerosing mitral and tricuspid stenosis with a bilateral atrial dilata- 
tion. The coronary sinus in the right auricle was considerably di- 
lated, and the thesbian valve was fenestrated and extended across 
the coronary sinus as a web-like band reaching up to the eustachian 
valve, which was also fenestrated. From this point two thread-like 
cords crossed the atrium, joining at the point where they began to 
cross the foramen ovale, and extended as one cord to the crista ter- 
minalis, thus covering a distance of about 5 cm. 


CasE 3. A woman, 38 years of age, entered the hospital complaining of 
“heart flutter and palpitation.’’ She had had dyspnea on exertion for ten years. 
Her trouble, she thought, began twelve years ago, following influenza. A year 
ago she again had influenza and suffered considerably from heart trouble, with 
dyspnea and hemoptysis. 

On physical examination there was a high pitched mitral murmur present 
which was transmitted over the entire left chest, and was heard best over the 
mitral and tricuspid areas. Two days before death she developed marked au- 
ricular fibrillation, and a right hemiplegia followed. 
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At autopsy she had dependent edema, ascites, and a bilateral 
hydrothorax. In the brain an area of encephalomalacia was seen in 
the left lenticular nucleus. A large pulmonary infarct, with a throm- 
bus occluding the branch of the pulmonary artery supplying the 
area of infarction, was also found. The lungs and liver showed con- 
siderable passive hyperemia. In the heart, which weighed 312 gm., 
the left auricle was widely dilated and the mitral valve was nar- 
rowed. The edges of the mitral leaflets were glued together by old, 
dense, calcified fibrous tissue, and there was marked calcification 
present on the inferior borders of the leaflets. In the appendage of 
the right auricle an adherent mural thrombus was present. The 
eustachian valve was fenestrated and a single round cord extended 
from the upper border of this valve across the right atrium and 
attached to the crista terminalis. 

Case 4. Aman, 50 years of age, had for five years been having attacks of pain 
in the left chest which radiated down the left arm and localized in his elbow. 
These attacks were so severe that large doses of morphine were required for 
relief. During the last year he had been bedfast most of the time, having many 
attacks of tightness in his throat forcing him to struggle for sufficient air. On 
physical examination he had a “gallop rhythm” and an electrocardiographic 
tracing revealed a ‘‘right bundle branch block.”’ While lying quietly in bed he 
had a sudden feeling of suffocating constriction in the throat, developed an ap- 
parent edema of the lungs, became markedly cyanotic, and died. 


At autopsy the important findings were exclusively cardiac. The 
heart weighed 505 gm. Old fibrous adhesions were present between 
the epicardium and the parietal pericardium over an area of about 
4 sq. cm. on the lateral surface of the left ventricle. All of the 
cardiac chambers were dilated, particularly the left ventricle, the 
wall of which was very thin, measuring no more than 4 mm. in 
thickness in the region of the interventricular septum. The endocar- 
dium covering the anterior two-thirds of the septum in the left ven- 
tricle and the anterior half of the ventricular wall was silvery white 
and thickened in character. The muscle beneath this was largely re- 
placed by dense hyaline fibrous tissue. The descending branch of the 
left coronary artery was completely occluded and markedly calcified 
at a point 6 mm. from its ostium. 

In the left auricle the thesbian valve was found to be nothing but 
two web-like, thin, filamentous bands which extended up and joined 
with a webbed eustachian valve. Here two delicate silk-like tendrils 
extended across the foramen ovale and attached to the tubercle of 
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Lower. Two small delicate twiglets were also found which extended 
from the upper rim of the foramen ovale and attached to the endo- 
cardium just lateral to the tubercle of Lower. The aortic valve 
showed a sieve-like fenestration of two of its leaflets. 

CasE 5. A young man, 21 years of age, died after having a spindle cell sar- 
coma removed from his right thigh, from a massive local recurrence with diffuse 
visceral sarcomatous dissemination. Physical examination revealed no evidence 
of cardiac trouble. 

At autopsy emaciation was a striking feature, and, in addition 
to an enormous fungating growth on the right thigh, extensive 
metastases were found in the liver and lungs. The heart weighed 
305 gm., was very pale, the muscle flabby, and the chambers mod- 
erately dilated. In the right auricle the eustachian valve was 
rudimentary, as was the thesbian valve over the coronary sinus. 
Communicating with the lower border of the eustachian valve and 
crossing the auricle over the foramen ovale was a single, rather 
tough, semiflattened band about 1.5 mm. in diameter, which was 
attached to the crista terminalis. At the point where it crossed the 
foramen ovale there was a fine branch which had broken off prior 
to the discovery of the structure, evidently having been torn loose 
at the time of opening the heart. This apparently was in commu- 
nication with the eustachian valve at a point somewhat higher than 
the larger one. 

CasE 6. This patient was a well nourished young man, 24 years of age, who 
entered the hospital semicomatose and irrational, giving a history of headaches 
for some time. He gradually became worse, and soon developed definite signs of 
an intracranial tumor. Physical examination on several admissions revealed no 
cardiac disturbance. 

At autopsy a large infiltrating spongioblastoma arising from the 
cerebral peduncle was found, and the cardiac atrial anomaly was 
found during the routine examination. The heart weighed 210 gm., 
and all of the valve measurements were within normal limits. The 
chambers were filled with clots. In the right atrium two fine thread- 
like strands arose from the inferior border of the inferior vena cava 
and merged in the middle to form a small knob-like thickening, 
where they again forked and stretched up to the crista terminalis, 
there inserting by two attachments quite close together. 

Case 7. A short, fleshy, stocky woman, 53 years of age, had been treated for 


pernicious anemia for some time by the use of liver extract, and, although her 
anemia did not increase, she developed rapid and striking evidence of spinal 
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cord degeneration. The day prior to her death she began to bleed from the nose, 
and her tongue became very sore and greatly swollen. She died suddenly, ap- 
parently choking to death, the obstruction being due to the extreme swelling of 
her tongue. No abnormal findings or symptoms referable to the heart were ever 
elicited. 


At autopsy the characteristic pathological anatomical alterations 
of pernicious anemia were encountered. The heart weighed 305 gm. 
The myocardium was extremely flabby, and showed the typical 
“tabby-cat”’ mottling of fatty degeneration. The valves were clean 
and smooth and the measurements within normal limits. The coro- 
nary arteries revealed a few fine intimal atheromatous plaques. The 
right atrium was of normal dimensions. The valve of the coronary 
sinus was composed of five white, fine reticular strands which did 
not connect with the eustachian valve. This latter valve was made 
up of six fine reticula which joined at a point about 1 cm. from their 
insertion on the inferior border of the inferior vena cava, and ran as 
a single cord for about 1 cm., where they again branched out into a 
very delicate web-like network of anastomosing fibrils which at- 
tached by nine insertions along the superior border of the inferior 
vena cava. From here, reticula of even finer and more delicate 
character stretched across the auricle to attach to the endocardium 
of the crista terminalis at ten different points. There was also a 
single band of considerably greater diameter than these previous 
threads which stretched downward from the lower border of the su- 
perior vena to attach to the endocardium in the region of the tu- 
bercle of Lower. 


CasE 8. This case was discovered in a museum specimen and no history was 
obtainable. In this heart four different points of origin of the network were 
found; one on the lower rim of the coronary sinus, one from its upper rim, and 
two from the lower border of a vestigial fenestrated eustachian valve. These 
four cords joined almost immediately and extended across the auricle as two 
twisted threads to insert by one attachment to the crista terminalis. 


SUMMARY AND CONCLUSIONS 


In the first four cases of this series severe cardiac lesions were 
found which were the direct cause of the patient’s death. In the last 
four cases the findings present in the heart, aside from the Chiari 
network, were negligible, and in none of the entire group could any 
of the clinical symptoms be ascribed to the network itself. 
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Eight cases of Chiari’s network are recorded, and, although so 
few cases have been reported, such reticula are not a particularly 
rare anomaly in the human heart, since they were found to be pres- 
ent in 1.5 per cent of routine autopsy examinations. These struc- 
tures are easily destroyed by careless manipulation, and no doubt 
will be found quite often if more care is exercised in removing and 
opening the heart. They were of no clinical significance in this 
series of cases. 
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DESCRIPTION OF PLATES 


PLATE 14 


Fic. 1. Case 1. Showing Chiari network crossing right atrium. Note huge 
foramen ovali. 


Fic. 2. Case 2. Dilated right auricle showing tricuspid stenosis, fenestrated 
eustachian valve and Chiari network. 
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Vox. VII PLATE 14 
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PLATE 15 
Fic. 3. Case 3. Right atrium showing fenestrated eustachian valve and Chiari 
network. 


Fic. 4. Case 4. Right atrium showing marked fenestration of the eustachian 
valve with Chiari network inserting into the endocardium at two points. 
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PLATE 16 


Fic. 5. Case 5. Right atrium showing Chiari network represented by a single 


flat band crossing the auricle. 
Fic. 6. Case 6. Chiari network can be seen crossing the right atrium, showing 
knob-like thickening in the center. 
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PLATE 17 


7. Case 7. Right atrium showing markedly webbed Chiari network with 
numerous insertions. 


8. Case 8. Right atrium showing vestigial eustachian and thesbian valves 
with Chiari network extending across atrium to crista terminalis. 
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SYPHILITIC AORTIC ENDOCARDITIS AND SUPERIMPOSED 
BACTERIAL (STREPTOCOCCUS VIRIDANS) 
ENDOCARDITIS * 


E. B. CRAVEN, JRr., M.D. 


(From the Department of Pathology, Duke University School of Medicine, 
Durham, North Carolina) 


Bacterial lesions of the valves of the heart as a sequel to syphilitic 
changes are decidedly rare. Kastner! in 1918 presented a case of 
syphilitic aortitis and aortic insufficiency with the subsequent de- 
velopment of an ulcerative endocarditis (endocarditis lenta) of the 
aortic valve. The diagnosis was proved by autopsy. Briggs? in 
1922 reported one case, with autopsy, of syphilitic aortic endocar- 
ditis and insufficiency, with the later development of Streptococcus 
viridans vegetations on the previously damaged valve. Cursch- 
mann * in 1922 observed a case of clinical endocarditis lenta with 
aortic insufficiency, occurring in a patient with a positive blood 
Wassermann reaction. This patient had had typical rheumatic 
febrile attacks with polyarthritis. The diagnosis of rheumatic heart 
disease could not therefore be ruled out. There was no autopsy. 
Blumer ‘ in 1923 in a study of 330 cases of subacute bacterial endo- 
carditis mentions syphilis as a predisposing cause in only one case. 
The details of this case are not given. Clawson ® in 1924 reported 
220 cases of bacterial endocarditis in none of which were there 
syphilitic valvular lesions. Pineles ® reported four cases in 1926, but 
only one was studied at autopsy. Syphilitic aortitis and an ulcera- 
tive endocarditis (endocarditis lenta) were found. The offending bac- 
terium was not identified by culture. The other three cases reported 
by Pineles were in individuals with positive blood Wassermann re- 
actions and aortic insufficiency. From only one case was a bacterium 
(Streptococcus viridans) isolated. The occurrence of the combined 
lesion in the latter three cases is certainly not proved. The first case 
seems authentic. Thayer’ in 1926 in an exhaustive study of bacterial 
endocarditis ‘‘found among thirty-five instances of streptococcal en- 
docarditis, acute and subacute, involving the aortic valves, but two 
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in which the existence of syphilis of the aorta could be regarded as 
certain. In neither of these was it likely that the valves were af- 
fected.”’ He concluded that in only two cases out of thirty-five was 
there a serious possibility that syphilis might have been a predis- 
posing agent in streptococcal endocarditis. 

The following case represents an individual who suffered from 
syphilitic aortitis and aortic endocarditis (aortic insufficiency), and 
who, in the latter stages of his illness, contracted an aortic bacterial 
(Streptococcus viridans) endocarditis. 


CASE REPORT 


Clinical History: A colored hotel porter aged 23 years came to the accident 
room on Oct. 7, 1930, because of severe shortness of breath of thirty-six 
hours’ duration. His father had died following a ‘“‘stroke.’”’ His mother had 
died during the patient’s childhood, leaving nine siblings living and well. The 
patient had measles, mumps, pertussis, and influenza as a child and youth. He 
had had frequent and severe sore throats until the age of 21. At 19 he hada 
chancre and received six injections of arsphenamine. Six months later he had 
a generalized skin rash and received six additional injections of arsphenamine. 
He had been perfectly well until three weeks before admission. At this time, 
while moving trunks, he had an attack of severe dyspnea, but without any pre- 
cordial pain or other symptoms. After two days in bed because of the dyspnea, 
he returned to work feeling fairly well. He requested the less heavy work of the 
night porter, however. He then felt well until about thirty-six hours before 
admission. At that time he drank half a pint of whiskey to relieve a feeling of 
weakness before going to work. At 10 P.M., a few hours after beginning work, he 
became increasingly short of breath and was forced to quit. He was taken to a 
local hospital and was given some medicine, but was not admitted. That night 
and the following night he was unable to sleep because of the extreme dyspnea 
and orthopnea. Obtaining no relief from medicines, he came to the hospital the 
following day. 

On admission to The Duke Hospital the temperature was 37° C., pulse 100, 
respirations 60, blood pressure 190/50. The patient was a pale, anxious, mark- 
edly orthopneic young negro whose head moved rhythmically with each pulse 
beat. There was no jaundice. Axillary and inguinal lymph nodes were palpable. 
Pupils were regular and equal and reacted to light and during accommodation. 
Fundi normal. No pulsations were seen. Pharynx and larynx were normal. 
The left chest was more prominent than the right and there was a visible pre- 
cordial heave. The apex of the heart was under the sixth rib, 14 cm. to the left 
of the sternum. The first sound was accentuated and there was a very loud, 
rough, systolic murmur heard over the whole precordium. Over the aortic area 
and along the left border of the sternum there was a loud blowing murmur 
occupying all of diastole. There were numerous moist rales at both bases. The 
pulse was Corrigan in type. Pistol-shot sounds and capillary pulsations were 
obvious. The liver edge was palpable 2 cm. below the costal margin. The spleen 
was not palpable. There was slight pitting edema of the ankles. 
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Laboratory Findings: Hemoglobin 11.5 gm.; red blood cells 4,100,000; white 
blood cells 9,400. The differential count was essentially normal. Urine: acid, 
specific gravity 1021, sugar o, albumin 2 plus, occasional white blood cell. Blood 
non-protein nitrogen 47 mg. per cent; uric acid 4.8 mg. per cent; creatinine 
1.8 mg. per cent. Total proteins 6.17 gm. per cent. Albumin-globulin ratio 
62:38. Wassermann reaction strongly positive. Electrocardiogram showed 
normal sinus rhythm, levogram predominant. X-ray of the chest showed the 
heart enlarged in all diameters. The arch was not increased in width. 

The diagnosis was syphilis, aortic insufficiency, relative mitral insufficiency, 
cardiac hypertrophy and dilatation, cardiac decompensation. Two nights’ rest 
and digitalization produced remarkable improvement. The patient felt so well 
that it was difficult to keep him in bed. X-ray of the chest after a week, when 
the patient insisted he was well, showed no change in the heart shadow. At the 
time of discharge, three weeks after entry, there were signs of cardiac enlarge- 
ment and aortic regurgitation. The blood pressure was 148/62. He was able 
to walk about without any dyspnea. He was discharged on Nov. 1, 1930, 
having had an afebrile course throughout. 

Six weeks after discharge one of the patient’s friends telephoned that the 
patient had been drinking heavily and that he was then afflicted with severe 
dropsy. He was advised to return to the hospital, but nothing was heard from 
him until Jan. 10, 1931, when he was seen at the Lincoln Hospital. He was 
extremely orthopneic, pale, worried, weak and discouraged. There was massive 
edema of the extremities and scrotum. While at the Lincoln Hospital he re- 
ceived three 0.60 gm. doses of neoarsphenamine. On January 18 one quart of 
fluid was removed from the abdomen. On January 22 he was seen to be growing 
steadily weaker, and death occurred at 4.30A.M. on January 23, seventeen 
weeks after the onset of acute symptoms. 


AUTOPSY REPORT 


External Appearance: The body is that of a young, adult negro 
male. There is marked pitting edema of all of the subcutaneous 
tissues. Skin smooth and glistening. No tissue jaundice. Hair dis- 
tribution normal. Pupils equal. Nasal septum intact. Teeth in 
good repair. The scrotum is edematous, but its contents are normal. 

Abdominal Cavity: Peritoneal surfaces smooth and glistening. 
There is no excess fluid. The liver projects 4 cm. below the costal 
margin. The tip of the spleen is varely visible below the costal 
margin. Intestines in normal position. 

Left Pleural Cavity: No excess fluid. Surfaces smooth and glisten- 
ing except for a small area of fibrous adhesions on the posterior sur- 
face of the upper lobe. 

Right Pleural Cavity: There are 500 cc. of clear yellow fluid, but 
no adhesions. The pleural surfaces are smooth, but have lost their 
glistening appearance. 


84 CRAVEN 


Pericardial Cavity: No adhesions or excess fluid. The pericardial 
sac is almost completely filled by the enormously enlarged heart. 
Surfaces smooth and glistening. 

Thymus: No thymus tissue seen. 

Heart and Aorta: The heart is massively enlarged, weighing 
630 gm. Measurements are as follows: Left ventricle 2cm. in 
thickness, right ventricle 7mm. in thickness, tricuspid valve 
13.5 cm., pulmonary valve 9 cm., mitral valve 11.5 cm., and aortic 
valve 7 cm. There is an extreme dilatation of the left ventricle, 
as well as enormous hypertrophy, and the right ventricle is 
also markedly thickened. Epicardium smooth and shiny. The 
coronary vessels are patent and exhibit no atheromatous changes. 
The myocardium is of a homogeneous pale yellow color but shows 
no scars or infarcts. Except for the aortic valve (Fig. 1), the endo- 
cardium exhibits no lesions. The right cusp of the aortic valve is 
markedly retracted and shortened, the edge is thickened and grossly 
irregular, giving the appearance of having been bitten out. There 
is a perforation 2 mm. in diameter beneath its rolled edge. On this 
same cusp, near its attachment to the posterior cusp, there is a 
series of soft, friable, grayish pink vegetations which occupy an 
area 1.5 sq. mm. on the ventricular surface of the valve. From a 
portion taken for culture, Streptococcus viridans was identified, and 
the same organism was recovered from the blood stream. The pos- 
terior aortic cusp is definitely retracted and thickened, but the 
anterior cusp is essentially normal. The aortic leaflet of the mitral 
valve, over a small area exactly juxtaposed to the aortic vegetations, 
presents a few small protuberances. The mitral valve is otherwise 
normal, the edges thin and delicate. Chordae tendineae smooth, 
slender and delicate. Pulmonary and tricuspid valves show no 
abnormalities. 

On the wall of the aorta, immediately above the attachment of 
the posterior cusp, there is a wrinkled patch 1 cm. in diameter. The 
intima here is thrown up into coarse folds and rugae. The cut sur- 
face shows the media interrupted by dense scars. The adventitia is 
conspicuously thickened. There is a similar small puckered area 
above the anterior cusp and another on the wall of the descending 
arch. Both show characteristic medial scars. The coronary orifices 
are not involved in the syphilitic process. Microscopically there is 
an extraordinary quantity of fat in the muscle fibers. In some places 
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it is so pronounced as to impart to the muscle bundles a striking 
pallor and moth-eaten appearance. Specific fat stains show the 
droplets to be within the sarcolemma sheath. The various branches 
of the coronary arteries are normal. There are no scars or areas of 
leucocytic infiltration in the myocardium. The section of the aortic 
valve (Fig. 3) shows an extreme thickening, scarring, and vasculari- 
zation. There are great numbers of mononuclear cells, for the most 
part lymphocytes, about the blood vessels. In addition to the 
chronic changes, there is a fresh fibrinous exudate on the surface of 
the valve. Caught in the meshes of fibrin are polymorphonuclear 
and mononuclear leucocytes. The Gram-Weigert stain shows a 
small number of Gram-positive cocci occurring singly and in pairs. 
There are no bacteria in the thickened and scarred valvular tissue. 
The section from the aortic surface of the mitral valve shows a 
fresh fibrinous exudate like the above. There are a few Gram- 
positive cocci present, singly and in pairs. The lesion here seems to 
be clearly the result of contact with the infected aortic cusp. The 
adventitia of the aorta is thickened by an excess of fibrous tissue, 
and the blood vessels are surrounded by dense mantles of lympho- 
cytes. The media of the vessel is repeatedly interrupted by large 
dense scars. An unusual number of blood vessels are present in 
such areas, all with perivascular lymphocytic infiltration. The 
Verhoff-Van Gieson stain shows interruption and fragmentation of 
the elastic tissue fibers (Fig. 2). The scars extend well into the inner 
third of the media. 

Lungs: Both lungs are dark red in color and have a conspicuous 
rubbery consistency. The lower half of the right lower lobe is com- 
pressed. The cut surfaces disclose a few small grayish patches in the 
left lower lobe which contain no air. Microscopically, there are 
small patchy areas of pneumonia. The alveolar exudate is fairly 
fresh, being made up of well preserved leucocytes, fibrin strands, 
and a few red blood cells. The most striking lesion consists of the 
overfilling and distention of the capillaries with blood and the 
spilling of blood into the alveoli. There are great numbers of large 
mononuclear cells filled with iron pigment. Some of the pigment 
appears to lie free in the tissues of the alveolar walls. There are 
Gram-positive cocci in the areas of consolidation. 

Spleen: The organ weighs 120gm. The capsule is thin and 
stretched, cut surface flat, pulp dark red in color. The malpighian 
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bodies and trabeculae, while visible, are not conspicuous. The 
organ as a whole is quite firm and elastic. There are two small ac- 
cessory spleens. Microscopically, the vessels are distended with 
blood. There is an unusual amount of fibrous tissue in the pulp. 
Numerous clumps of iron pigment are noted. 

Intestines: Normal. 

Stomach and Duodenum: The gastric mucosa appears injected 
because of the marked chronic passive congestion. Duodenal mu- 
cosa normal. Ampulla of Vater patent. 

Pancreas: Grossly and microscopically normal. 

Liver: The organ weighs 2,000 gm. and measures 27 cm. by 
22cm. by 1ocm. Capsule thin and delicate. The cut surface dis- 
closes lobules with large dark red central zones and surrounding 
pale yellow liver tissue, the appearance being that of the typical 
“‘nut-meg”’ liver of chronic passive congestion. The gall-bladder 
and bile ducts are normal. Microscopically, there is an extreme 
chronic passive congestion. The central veins are dilated and the 
surrounding capillaries filled with blood. In the central two-thirds 
of the lobule there is hardly a recognizable liver cell. Around the 
portal spaces there is a narrow zone of normal liver cells. 

Adrenals: The glands together weigh 30 gm. There are no gross 
or microscopic alterations. 

Kidneys: The kidneys are alike and normal in size and shape. 
The left weighs 170, and the right 160 gm. The capsules are thin, 
delicate, and strip easily. The cortices are smooth and the cut 
surface shows them to be of normal thickness. Pyramids and 
pelves normal. Microscopically the cells of the convoluted tubules 
are excessively pale and swollen. The lumina are filled with albu- 
minous material which is also conspicuous in the capsules of the 
glomeruli. The blood vessels are distended but are otherwise nor- 
mal. No alterations of the glomerular tufts are seen. There is no 
blood in the tubules. 

Bladder: Normal. 

Prostate: Normal. 

Seminal Vesicles: Normal. 

Testis and Epididymis: Normal. 

Neck Organs: The epiglottis and vocal cords present no lesions. 
There is a diphtheritic exudate on the surface of the trachea. Thy- 
roid normal in size and consistency. Esophagus normal. 
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Retroperitoneal and Thoracic Tissues: The aorta is described 
above. The mesenteric, renal, and coeliac arteries are not thickened. 
Portal veins and venae cavae patent. Lymph nodes not enlarged. 

Skeletal Tissues: The bones and joints appear normal on external 
examination. 

Blood-Forming Tissues: The bone marrow of the femur is made 
up entirely of fat. That of the vertebrae is rich in blood-forming 
cells. 

The axillary and inguinal lymph nodes are enlarged. 

Anatomical Diagnoses: Syphilis, syphilitic aortitis, syphilitic 
aortic endocarditis and aortic insufficiency; fresh Streptococcus 
viridans aortic endocarditis; dilatation and hypertophy of heart; 
extraordinary fat accumulation in heart muscle; chronic passive 
congestion of lungs and abdominal viscera; anasarca; right hydro- 
thorax; lobular pneumonia; accessory spleens; tracheitis. 


DISCUSSION 


The foregoing report is presented as a case of syphilitic aortitis 
and aortic endocarditis with a superimposed Streptococcus viridans 
endocarditis. It should be kept in mind, however, that Klotz,* in 
1912, and more recently, Pappenheimer and VonGlahn ° in 1924, 
described lesions of the aorta occurring in non-syphilitic individuals. 
with rheumatic heart disease, which might be confused with syphi- 
litic aortitis. The lesions they described consisted of dense scars in 
the vicinity of the nutrient vessels, often acellular, and Aschoff cells 
or nodules in the adventitia, with large mononuclear and multi- 
nuclear giant cells. Other distinctive features of the rheumatic 
aortic lesions were the relative avascularity of the medial scars and 
the lack of penetration of these scars into the inner third of the 
media. In the adventitial nodules there were comparatively few 
lymphoid cells and never the dense perivascular lymphoid infiltra- 
tions customarily seen in syphilis. 


SUMMARY 


In summary, the opinion that in the case reported here the 
changes in the aorta and aortic valve are basically syphilitic in 
nature, with a superimposed bacterial endocarditis, is supported by 
the following facts: 


CRAVEN 


A negative history of articular rheumatism. 
The history of primary and secondary syphilitic lesions. 
A strongly positive blood Wassermann reaction. 

4. Absence of lesions of rheumatic fever in the pericardium, 
myocardium, and mitral valve. 

5. The characteristic syphilitic retraction, perforation and 
serrated edge of the aortic valve. 

6. Large and prominent perivascular infiltrations of the aortic 
adventitia, composed almost exclusively of small lymphocytes. 

7. Large aortic vascular medial scars penetrating deeply into the 
medial coat, and with the formation of new vascular channels. 

8. The acute exudate composed of fibrin, leucocytes and Gram- 
positive cocci (Streptococcus viridans as shown by culture) on the 
surface of the aortic valve. 

9. The identification of Streptococcus viridans not only in a cul- 
ture of the aortic valve vegetations, but also from the blood. 
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DESCRIPTION OF PLATE 


PLATE 18 


Fic. 1. Aorta and aortic valve. The right coronary cusp is thickened and re- 
tracted and shows a serrated and perforated edge. The posterior cusp is 
thickened and retracted. Above the attachment of the posterior cusp there 
is a wrinkled, puckered patch of syphilitic aortitis. 


Fic. 2. Photomicrograph of the medial coat of the aorta. The interruption and 
fragmentation of the elastic fibers and the large medial scar are character- 
istic of the lesions found in the aorta. Verhoff-Van Gieson stain. x 150. 

Fic. 3. Photomicrograph of the aortic valve. The valve is thickened and in- 
filtrated by mononuclear cells. Attached to the surface is a fresh fibrinous 
exudate, in the meshes of which are groups of leucocytes. Hematoxylin 
and eosin stain. x 150. 
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QUANTITATIVE OBSERVATIONS ON THE VALVES 
OF THE HUMAN HEART * 


Paut Gross, M.D., AND RoBert A. Moore, M.D.t 


(From the Pathological Laboratories, Cleveland City Hospital and The Institute of Pathol- 
ogy, Western Reserve University, Cleveland, Ohio) 


For many years pathologists have measured the circumference of 
the valve rings of the heart, and some have attempted to interpret 
such measurements for or against the existence of incompetency 
of the valve orifice without regard for the amount of valve surface. 
It is obvious however that ring circumference is only one factor and 
that the area of the leaflets must be correlated with the circumfer- 
ence in order to obtain a true judgment. During the course of 
postmortem examinations it is frequently noted that a heart with 
large valve rings has large valve surfaces. The fact that the valve 
surfaces of an adult heart are larger than those of a child’s heart is 
obvious and need not be stressed. By the method to be described, 
the valve surfaces were measured in an attempt to correlate these 
variations in valve surface with the weight or age of the heart. 
Although this proved unsuccessful, a very significant relationship 
between ring circumference and valve area was found. In this 
paper we wish to present the results of the measurements of the 
valves of sixty-four hearts. 


METHOD 


The method is essentially one of computing lengths and areas from 
photographs of known magnification. The photographs are pre- 
pared as follows: The valves of human hearts removed at autopsy 
are opened in the usual manner and pinned upon a soft board in 
such a way that the valve ring is stretched under a tension sufficient 
to pull it into a flat plane without distortion. The valve leaflets or 
cusps are transfixed by pins so that their entire surface is presented 
to the camera. A metal square of known dimension is placed beside 
and in the same plane as the preparation (Fig. 1). 

* Received for publication July 5, 1931. 
{ Hanna Research Fellow in Pathology. 
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Under these conditions the measurements of the photographic 
image of a valve bear the same relationship to the actual measure- 
ments as the measurements of the photographic image of the metal 
square bear to its actual measurements. The photograph was usu- 
ally slightly larger than natural size. 

The surface areas of the valve leaflets were determined by means 
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of a planimeter on photographic prints. At least two determinations 
were made with a difference of less than 3 per cent. 

The majority of the hearts in this series were photographed within 
thirty-six hours after death, although there are several hearts which 
were photographed as late as seventy-two hours postmortem. A 
subsequent investigation has proved that variations due to post- 
mortem changes are of little consequence. 
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RESULTS 


The experimental error was estimated by photographing the 
same valve at different magnifications and making several prints 
of one negative. Subsequent calculations from these prints yielded 
results which did not vary more than 5 to 7 per cent. Comparisons 
between circumferences of valve rings as obtained from the pictures 
and those obtained by actual measurements resulted in differences 
of 3 to 7 per cent. 

The effect of time on the measurements of the valves is illustrated 
in Table I (Case No. 6356). The results indicate differences be- 
tween 3.2 and 7.4 per cent which may be considered within the 
experimental error. 

Sixty-four hearts were photographed. These photographs con- 
sist of fifty-five aortic valves, fifty-six pulmonic valves, fifty-seven 
mitral valves, and fifty-eight tricuspid valves. The measurements 
of these valves are listed in Table II. A graphical representation 
of this table is given in Chart 1. This graph indicates that there 
is a commensurate increase in valve surface with an increase in the 
circumference of the valve ring. The rate of increase of valve sur- 
face is approximately the same for all four valves. 


DISCUSSION 


The majority of the hearts are from patients who suffered from 
coronary sclerosis, generalized arteriosclerosis, pulmonary tuber- 
culosis, luetic aortitis, or pulmonary emphysema. The ages vary 
from 4 years to 80 years. Because of the variability in age and 
disease, the circumferences of the valve rings cannot be correlated 
with the age or the weights of the hearts. In all cases except those 
noted, the valve leaflets were considered normal. 

In this series of hearts, many valves were encountered whose 
rings can be definitely termed dilated. Yet these valves have cor- 
respondingly large surfaces. Such large valve surfaces as these are 
not found with small rings. It therefore appears probable that 
the increase in valve surface, whether due to stretching or to actual 
growth, is a gradual process which keeps pace with the dilatation 
of the ring. The valves of young normal hearts coincide accurately 
with the downward projection of the curve of large valves. This 
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fact serves as a support for the assumption that the increase in 
valve surface is gradual and is coincident with the increase in the 
circumference of the valve ring. 


1. A method for the determination of the surface area of valves 


is described. 


2. The surface area of a valve with a large ring is commensurately 


SUMMARY 


greater than that of a valve with a normal ring. 


TABLE I 


Effect of Time on the Measurements of Heart Valves 


Aortic valve 
Hours Postmortem Circumference Valve surface Difference 
mm. sq. mm. per cent 
Pulmonic valve 
Mitral valve 
Tricuspid valve 
ees 142 2000 7.4 
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Data and Measurements of Heart Valves 


Aortic valve Pulmonic valve Mitral valve Tricuspid valve 
Case | Weight | Age [— 
0. Circum-| Valve | Circum-| Valve | Circum-| Valve | Circum-| Valve 
ference | surface | ference | surface | ference | surface | ference | surface 
mm. sq.mm. mm. sq. mm. mm. sq. mm. mm. sq. mm. 
6212 225 36 72 1075 89 1350 105 1220 123 1840 
6220 300 38 79 | 1050 84 | 1130 IIg | 1530 136 | 2340 
6222 525 37 75 1160 89 1108 105 1780 129 2014 
6223 400 38 a7 766 85 932 89 | 1220 112 | 1450 
6227 350 65 92 1090 89 | 1130 116 | 1255 135 2078 
6228 600 59 82 1260 
6230a | 425 60 87 1340 go | 1200 127 1740 148 2240 
6230b 79 1090 86 1640 113 1740 
6233 350 54 78 1300 gI 1320 122 1640 136 2200 
6234 200 70 68 | 1000 80 | 1730 105 | 1400 129 | 2050 
6235 250 22 56 610 76 680 93 990 108 | 1400 
6236 325 30 87 1060 93 ILIo 107 1690 130 2150 
6237 280 24 68 850 77 930 IIr_ | 1540 128 | 1810 
6238 250 23 61 77° 72 810 105 1310 122 1830 
6239 400 62 83 1150 84 1140 114 1670 139 2140 
6240 175 37 58 610 71 860 93 1020 II5 1310 
6243 570 56 83 1120 87 1400 126 1570 130 2020 
6247 430 28 66 | 1100 97 1630 11g | 1670 148 | 2290 
6250 210 21 65 790 73 830 100 | 1400 116 | 1330 
6251 350 75 81 | 1220 92 | 1170 , Ras 127 | 2190 
6254 400 54 75 700 75 990 105 | 1220 III 1620 
6256 175 47 go | 1140 80 | 1030 III 1390 119 | 1660 
6257 275 54 73 850 76 | 1050 118 | 1580 348 | 1930 
6259 100 7 48 530 55 560 72 630 10g | II00 
6261 150 22 58 810 78 690 99 | I140 ete ae 
6262 275 70 87 1140 145 1970 
6263 500 57 76* | 950 79 | 1000 : oe 142 | 1810 
6268 625 57 87 | 1290 85 | 1360 123 | 1690 148 | 2420 
6284 250 63 Ioo | 1780 86 | 1700 118 | 2080 145 2700 
6285 325 47 76 980 82 | 1270 126 | 1700 135 | 2250 
6289 425 76 88 | 1380 83 | 1470 115 | 1650 133 | 2170 
6290 45° 30 73 Iol 1340 113 1420 
6291 300 44 65 810 62 630 107 1260 100 1280 
6299 425 60 ” 2 81 1180 116 | 1820 145 | 2230 
6328 600 38 i pa 81 | 1190 128 | 2000 141 | 2370 
63390 600 32 73 1130 IIo | 1720 2320 
6342 400 63 88 | 1050 84 1190 133 1760 144 | 2230 
6349 460 80 78 930 107 1320 
6350 800 31 77 | 1030 68 870 Iog | I510 129 | 1690 
6355 350 58 82 970 87 | 1250 122 | Ig00 143 | 2380 
6356 225 31 62 840 81 1070 IIo | 1220 142 | 2000 
6358 600 27 68 970 86 | 1280 124 | 1580 140 | 2170 
6382 500 53 73 | 1040 78 | 1090 113. | 1720 147 2400 
6384 700 59 133 | 1940 154 | 2360 
6403 450 39 76 I140 go 1300 112 1380 141 1870 
6405 625 52 log 1370 IoI 1290 120 1810 140 2290 
6416 300 42 go 1000 907 1290 
6419 625 56 86 | II00 83. | 1250 118 | 1830 148 | 2810 
6421 400 59 76 1010 gI 10go 118 1690 133 2020 
6424 250 41 73 841 715 800 104 1600 124 1860 
6432 575 50 80 980 79 | 1210 ee 143 | 2320 
6496 800—] 70 91 | 1460 116 | 1810 160 | 3080 
6509 700 59 87 | 1560 80 | 1330 123 | 1070 148 | 2940 
6524 800 66 95 1300 98 | 1460 125 2040 137 2550 
6528 4 123 2110 140 2590 
6529 | 350 | 38 77* | 1500 97 | 1410 | 134* | 2370 154* | 2660 
6531 800 4° si 71 045 123 | 1780 121 1920 
6532 700 40 87 | 1410 98 | 1260 129 | 2070 146 | 2400 
6547 700 34 73 1260 99 | 1380 126 | 2110 164 | 2960 
6554 125 7 50 460 58 550 75 785 102 | 1160 
6736 300 30 71 970 78 816 


* These valves were the seat of an acute or chronic endocarditis with a variable amount of functional change. 


Cos] 


“te 


DESCRIPTION OF PLATE 


PLATE 19 


Fic. 1. Type of photograph used for measurement of valves. 
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Gross and Moore Quantitative Observations on Valves of Heart 
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FORMATION OF BONE MARROW IN THE SUPRARENAL GLAND * 


Donatp C. Corts, M.D. 
FELLOW IN PaTHOLOGy, THE Mayo FounDATION 


(From the Section on Pathologic Anatomy, The Mayo Clinic, Rochester, Minn.) 


The formation of bone marrow in the human body in sites other 
than the bone is frequently observed in old age, particularly in the 
presence of ossification of the laryngeal cartilages. Bone marrow 
has been reported to form in the spleen, liver, sclerotic aortic wall, 
and sometimes in the suprarenal glands. Experimentally, it has been 
found in kidneys of adult rabbits following ligation of the renal 
artery and vein. 

Leukemia, some intoxications and infections with experimental 
causes such as hemorrhage, or chronic poisoning by certain sub- 
stances that destroy the blood, are well known agents which in- 
fluence the organism as a whole and cause the formation of extra- 
medullary myelopoiesis in various parts of the body. The spleen is 
usually the first to be affected, followed later by the liver, lymph 
nodes and suprarenal glands. Early in most cases neutrophilic and 
eosinophilic myelocytes appear in the new situation, followed later 
by megakaryocytes and finally by erythroblasts, although these are 
not common. Histologically, extramedullary hemopoiesis is of con- 
siderable significance in studying the histogenesis and the interrela- 
tions existing between the myeloid and lymphoid elements of the 
blood. Maximow and Bloom! stated that the fixed histocytes are 
believed to be the stem cells and may be endowed with unrestricted 
mesenchymal potency. These stem cells divide and give origin to 
free hemocytoblasts, which in their turn proliferate and differentiate 
into erythrocytes and myelocytes. Occasionally the endothelium of 
the blood vessels may give origin to myeloid elements, and from this 
point of view may possess considerable hemopoietic tendencies. 
Maximow and Bloom stated the belief that extramedullary myelo- 
poiesis may originate in one of the following ways: (1) the first 
myeloid elements may appear in the lumen of venous capillaries, 


* Received for publication July 13, 1931. 
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originating from undifferentiated lymphoid cells which circulate in 
the blood; later the newly formed myeloid elements pass through the 
wall of the vessel, particularly when the blood stream is slowed, and 
enter into the tissue in which proliferation is continued; (2) in 
lymphoid structures, including the spleen, free basophilic tissue cells 
and lymphocytes may be the source of myeloid elements; such a 
process has been found in the germinal centers of such structures, 
and (3) early myelocytes may appear outside the endothelium of 
small blood vessels and originate directly from fixed elements of un- 
differentiated embryonic character; these cells divide mitotically, 
become isolated, and skipping the stage of basophilic hemocytoblast 
immediately begin to develop specific granules in their protoplasm. 

In the embryo the hemocytoblasts of the bone marrow originate 
from the fixed and undifferentiated mesenchymal cells. In the adult 
it is rare to have this process occur, because mitoses of preéxistent 
hemocytoblasts are sufficient to supply the needs of the body for 
new myeloid elements. However, under the stimulus of disease new 
formation of hemocytoblasts from the undifferentiated syncytium 
may occur." ? 

Arnold,’ in 1866, in a study of the cytology and the chemical reac- 
tions of the suprarenal glands mentioned for the first time that these 
glands might develop blood cell elements from ectopic islands of 
bone marrow within their confines. May,’ in 1887, reviewed the 
pathological anatomy of forty-two suprarenal glands, but did not 
mention the presence of bone marrow. Arnold,° in 1896, reaffirmed 
his belief concerning the ability of islands of bone marrow in the 
suprarenal glands to form hemoglobin, and cited a case. Sacerdotti 
and Frattin,® in 1902, studied the formation of hyperplastic bone 
marrow and stated that bone marrow is occasionally found in the 
suprarenal glands. 

Gierke,’ in 1905, was the first to present a description of the histo- 
logical data concerning bone marrow found in the suprarenal glands. 
Similar observations were reported by others (Tables I and II). 

Tanaka,® in 1912, reported finding bone marrow at the hilum of 
the left kidney of a boy, aged 1} years, who died from rickets and 
bronchopneumonia. Certain authors stated that heterotopias of 
bone marrow that occur in the suprarenal glands represent premye- 
lomas. Oberling * designated ectopia by the term ‘‘myelolipoma.” 
Moretti }° stated that masses of cells that appear to be lymphocytic 
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are not normal histological components of the suprarenal glands. 
Goldzieher ' contended that bone, osteomas and bone marrow oc- 
curring in the suprarenal glands are the result of a metaplasia of in- 
flammatory or scar tissue and that it is comparable to the formation 
of bone in burned-out foci of tuberculosis found elsewhere in the 
body. It is his belief that more or less extensive foci of adipose con- 
nective tissue intermingled with myeloid elements that occur in the 
suprarenal glands and present the appearance of bone marrow should 
be considered as belonging to that group of conditions characterized 
by foci of lymphocytes, as seen in association with granulomas of 
congenital syphilis, tuberculosis, and so forth. He stated that these 
areas of pseudobone marrow may be the direct result of a specific 
infectious process. 

It is generally believed that the origin of bone marrow in the su- 
prarenal glands is embryonal,” °° but certain authors ***! believe 
that bone marrow in the suprarenal glands arises from either capsu- 
lar or cortical rests. Paunz ** stated that bone marrow in the supra- 
renal glands arises from preéxisting bone marrow found there at the 
time of birth. Wooley * is inclined toward the hypothesis that bone 
marrow arises in the suprarenal glands from metaplasia of pre- 
existing suprarenal cells. He stated that formation of bone com- 
monly occurs following trauma, with which there has been free 
extravasation of blood into the stroma of the traumatized tissue. 
He quoted Poscharissky, who believes that there is a peculiar dis- 
position in different organs of the body toward ossification, and that 
in some organs the degree of congestion must be much greater before 
ossification occurs. It is well known from experimental work that 
more than 50 per cent of kidneys ossify following ligation of their 
blood vessels. Kruse,!” and Newsam 8 stated that the calcium occur- 
ring in their cases was due to embryonal metaplasia, and that a 
specific toxin caused necrosis which was subsequently followed by 
calcification. Kovacs,” in 1928, reported an exhaustive study on 
the pathological anatomy of the suprarenal glands in which forma- 
tion of bone marrow was mentioned. Paunz* contributed a his- 
tological study on the cells that appeared to be lymphocytic in the 
suprarenal glands. He studied exhaustively the functions of the 
macrophages, but did not report instances in which bone marrow was 
encountered. 
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TABLE I 


Cases of Bone and Bone Marrow in the Suprarenal Glands Reported in the Literature 


Year Author Age | Sex > > Autopsy data 
1866 | Arnold Right 
1g05 | Gierke M| Left | 24 x12.5 | Mitral insufficiency and stenosis, old 
mitral and recent aortic endocarditis 
1906 | Brian 62} F | Left Carcinoma of fundus of uterus, re- 
(para) gional metastasis 
1911 | Hirschfeld M | Left Hemicephalus in a new-born infant 
1913 | Hopf 
1916 | Wooley 42| MI Left 6X3 General miliary tuberculosis, tubercu- 
I X05 lous costochondritis, acute vegeta- 
tive aortic endocarditis, caseous 
tuberculosis of right suprarenal 
gland and kidney 
1919 | Mieremet 53 | M| Left | 60 x 35 x} Carcinoma of esophagus, aspiration 
12 bronchopneumonia 
1922 | Herzenberg Access- | I X 2 Generalized arteriosclerosis, aneurysm 
ory of left ventricle, atrophy of liver 
supra- and spleen, cardiac hypertrophy 
renal 
1922 | Dieckmann Mi Left 
1925 | Jedlitka Two cases 
1927 | Vigi M] Right 
1928 | Knabe 75|F Right | 7 x6 Generalized arteriosclerosis 
1928 | Omelskyj 67 | F Left 8x 4.5 | Tuberculous pericarditis, mediastinal 
lymphadenopathy 
1929 | Paul 54] F Left Confluent bronchopneumonia, ad- 
vanced generalized arteriosclerosis 
and coronary sclerosis, arteriosclero- 
tic atrophy of kidneys, marked in- 
ternal hydrocephalus 
1930 | Soés 58| M]| Left |16x 15 | Hemorrhage into the pons of the brain 
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TABLE IIT 


Classification of Cases Recorded in the Literature: Soés’ Method 


(Type 1) 


Gross appearance * 


Bone marrow elements 


Hirschfeld Fatty +++— 

Hopf Fatty +++— Few myeloblasts, myelocytes, erythroblasts 

Knabe Fatty +-+-—— Erythroblasts, erythrocytes, myeloblasts, myelo- 
cytes, few macrophages 

Soés Fatty ++-—— Erythroblasts, erythrocytes, myeloblasts 
(Type 2) 

Wooley Cellular +-——— _ | Erythroblasts, erythrocytes, myeloblasts, myelo- 
cytes, lymphoblasts, lymphocytes, megakaryo- 
cytes (few) 

Mieremet Cellular -+-——-— | Erythroblasts, erythrocytes, myelocytes, poly- 
morphonuclears, megakaryocytes, lymphocytes 

Herzenberg | Cellular-++-——-— | Myeloblasts, erythroblasts, megakaryocytes 

Brian Cellular +-——-— | Erythroblasts, erythrocytes, myelocytes, poly- 
morphonuclears, few lymphocytes 

Omelskyj Cellular +——— | Myeloblasts, myelocytes, polymorphonuclears, 
erythroblasts, macrophages, lymphocytes 

Dieckmann | Cellular-++——— | Myeloblasts, myelocytes, polymorphonuclears, 
erythroblasts, lymphocytes 

Gierke Cellular +—-—— | Myeloblasts, myelocytes, few polymorphonu- 
clears and erythroblasts, lymphocytes 

Paul Cellular -——— | Erythroblasts, erythrocytes, myelocytes, mye- 


loblasts, megakaryocytes, granulocytes 


* Ratio between fat cells indicated by + and bone marrow indicated by —. 


The age of the youngest patient whose case was reported in the 
literature was 42 years, and the average age was 60.1 years (exclud- 
ing Hirschfeld’s case,?* which occurred in a new-born infant). It was 
noted that only two patients died from symptoms and signs of supra- 
renal insufficiency; eight died from totally unrelated diseases. The 
average area of the bone marrow in eight reported cases was 15.4 by 


9.9 mm. 
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Sods classified cases of bone marrow occurring in suprarenal 
glands (Table II) into two types. The first type is characterized by 
a yellowish orange color, and on microscopic examination is seen to 
have a predominance of adipose connective tissue. The myeloid ele- 
ments are diminished and the erythroblastic elements are increased. 
The second type is identified by dark red to reddish brown nodules, 
which on microscopic examination reveal a predominance of the 
cellular elements in the bone marrow, and in which the myeloid ele- 
ments are increased and the erythroblastic components diminished 
(Table IT). 

In a case of bone marrow in the right suprarenal gland, observed 
at The Mayo Clinic, the patient was a man aged 32 years. He died 
of a totally unrelated disease. Gross examination disclosed a reddish 
brown nodule at the upper pole of the right suprarenal gland, meas- 
uring 12 by 9 by 8mm. It was surrounded by a thin layer of normal 
appearing cortical suprarenal tissue averaging 1 mm. in thickness. 
The dimensions of the gland were 40 by 25 by 10 mm. The left 
suprarenal gland, aside from two cortical adenomas, each 1.5 mm. in 
diameter, appeared to be normal both grossly and microscopically. 
Its dimensions were 50 by 30 by 1omm. The gross appearance of 
the upper pole of the right suprarenal gland is shown in Fig. 1. 

Fixed sections 6 microns in thickness were stained by hematoxylin 
and eosin, and Giemsa-Wright stain. Five sections taken at differ- 
ent levels through the nodule revealed the following. With low 
power magnification the nodule was shown to be composed of con- 
siderable adipose connective tissue in which were islands of myeloid 
tissue. The nodule was entirely surrounded by normal appearing 
cortical cells. The arrangement of the tissue in the nodule was char- 
acteristic of bone marrow. Under high power magnification there 
was a comparative paucity of erythroblastic elements; only a few 
normoblasts were seen in the several sections. There were more 
lymphocytes than are usually seen in typical bone marrow. Myeloid 
regeneration was marked and numerous premyelocytes, as well as 
many polymorphonuclear forms, were seen. Megakaryocytes were 
prominent in the various sections. Aside from the slight degree of 
regeneration of erythroblasts and the increased numbers of lympho- 
cytes in the nodule, it was composed of characteristic bone marrow. 
Figs. 2 and 3 show its microscopic appearance under different mag- 
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nifications. This case would seem to correspond to that of Sods’ 
second type. 

Since the suprarenal cortex and bone marrow both originate from 
mesenchymal tissue, it would be possible, under optimal physiologi- 
cal conditions with the proper stimulus, for cells of the suprarenal 
cortex to differentiate into bone marrow either during embryological 
development or possibly later. Embryonic rests of bone marrow are 
not commonly seen in the suprarenal glands. Embolism of bone 
marrow does not frequently establish new hemopoietic centers in 
distant histological structures. 


SUMMARY 


1. Fifteen instances of formation of bone marrow in the supra- 
renal gland have been collected from the literature, with a com- 
pilation of the salient features. 

2. They have been classified according to Sods’ method. 

3. Theories concerning the mechanism of their origin have been 
discussed. 

4. An additional example has been reported from The Mayo 
Clinic with illustrations of the salient gross and microscopic 
appearances. 
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DESCRIPTION OF PLATE 


PLATE 20 
Fic. 1. Gross appearance of the upper pole of the right suprarenal gland. 


Fic. 2. Juncture between cortical suprarenal cells and typical bone marrow. 
X 45. 
Fic. 3. Representative area in the bone marrow showing typical megakary- 
ocytes, myeloblastic and erythroblastic elements. x 400. 
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MULTIPLE INFARCTS AND NECROSES OF THE 
SPLEEN (FLECKMILZ) * 


GEOFFREY RAKE, M.B., B.S. 
(From the Pathological Institute, Heidelberg) 


The recognition of the peculiar condition in the spleen which has 
been given the name of ‘“‘Fleckmilz” came from Feitis! who, in 
1921, described two cases and suggested the name. That the condi- 
tion is of some rarity is shown by the fact that up to the present time 
only eight cases,!»*:* which can be accepted without demur as belong 
ing to the group which Feitis described, have appeared in the litera- 
ture.t The cases described by Geipel,* Matthias,’ and certainly that 
by Wilton ° are to be considered as of a different category. The op- 
portunity arose to study two cases of this condition in the Patho- 
logical Institute at Heidelberg, and since Fleckmilz has up to the 
present time received but little consideration in any but the German 
literature, and moreover since no complete understanding as to the 
pathogenesis of the condition has been reached, it was considered 
that a discussion of these cases might be of value. 


DISCUSSION OF CASES 


Case I. (From the protocol.) Female, aged 44 years, who died in 
uremic coma. At autopsy the major changes were in the heart, kid- 
neys and spleen. The wall of the left ventricle was markedly hyper- 
trophied. The kidneys were alike. Both were reduced in size. The 
capsule was slightly thickened and stripped with slight difficulty, 


* Received for publication August 15, 1931. 

Inarecent communication (Frankfurt. Ztschr. f. Path. , 1931, 41, 435) Elsa Adolphs 
describes three further cases. The first two of these cases have much in common with 
those already described in the literature, both as regards the changes in the spleen and 
also the presence of associated renal disease. In the third case, that of a child, the his- 
tory was very short and, on microscopic examination, the smallest arteries and arterioles 
of the kidney and spleen showed acute necrotic changes of equal duration in both or- 
gans, unassociated with any older lesions. Adolphs believes that the vascular necrosis, 
although often occurring as a direct sequela, is to be regarded as a separate condition 
from the older vascular changes which are usually, though not always (Adolphs’ third 
case), present. Further, that it is this acute necrosis, however it be produced, which is 
responsible for the peculiar lesion in the spleen and which plays a réle in the fatal 
termination. 
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leaving an uneven granular and reddish gray surface. On section 
both cortex and medulla were reduced, the cortical striations were 
greatly distorted and the smaller vessels slightly prominent. The 
spleen was enlarged and weighed 140 gm., the capsule was thick- 
ened and stretched. On section, in the brownish red pulp, quite 
apart from the clearly defined follicles could be seen yellow and 
white areas of irregular outline. The trabecular veins were dilated 
and in many cases contained thrombi. 

Microscopically only the kidney and the spleen were examined. 
In the spleen it is seen that the whitish areas represent necrotic 
splenic pulp in which the outlines of the tissue elements can still be 
recognized. The surrounding normal splenic pulp stands out in sharp 
contrast to the necrotic areas which are for the most part fresh, con- 
tain pyknotic nuclear débris, and only occasionally show early or- 
ganization around the margin. The majority of these necroses show 
the zones which are usually found in infarcts, but a certain number 
are observed in which no such zones can be seen. These latter cor- 
respond to the atypical necroses described by Feitis, but a differ- 
entiation into types would appear to be artificial rather than real, 
since, although the extremes differ markedly, every stage between 
the two can be found. The pulp is normal; in places filled with 
blood both within and without the sinuses, in other places empty 
and collapsed. The follicles are greatly decreased in size and some 
indeed have almost disappeared. Often they are more apparent 
within the necroses than in the normal splenic pulp, for the reason 
that they are more resistant to the disintegration than the sur- 
rounding tissues. Kaufmann’ has observed that the follicles are 
the structures to remain visible longest in infarcts of the spleen. 
There is nothing, however, to support the observation made by 
Feitis that the degree of disappearance of the follicle coincides with 
the degree of change of the central follicular artery. 

Most conspicuous changes are to be observed in the blood vessels. 
As other observers have noted, these changes differ with the size of 
the vessel. In the largest arteries, which run in the trabeculae, the 
intima is slightly proliferated and the lining endothelium occasion- 
ally swollen and vacuolated. In some cases there is an infiltration of 
leucocytes within the deeper layers of the intima. With an elastic 
tissue stain it is seen that the internal lamella is usually normal, but 
may be split to form two or three layers. The media is perhaps 
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slightly thickened, as is the adventitia. The latter in one place con- 
tains a group of fragmented necrotic cells. 

The smaller trabecular arteries and the larger of those that run in 
the follicles show more marked changes. The intima is greatly pro- 
liferated, so much so that the lumen of the vessel is frequently very 
much narrowed, sometimes completely obstructed. This prolifera- 
tion consists of flattened fibers and elongated nuclei which lie as a 
rule more or less concentrically. Between the fibers there are, in 
many cases, numbers of leucocytes and even occasional red cells. 
With an elastic tissue stain the internal elastic lamella is seen to be 
split invariably into two or more layers. The media is thinned, 
apparently by compression; the adventitia is increased in thickness. 
In many cases in which the intimal proliferation greatly reduces but 
does not entirely occlude the lumen, the vessel has been finally closed 
by a thrombus. Most of these are fresh and their structure is easily 
recognized, but some are older and one is well organized. 

In the still smaller arteries the walls are often completely hyaline. 
The endothelium may or may not be visible. Immediately outside 
this the tissue shows as a band of structureless clear material, stain- 
ing pink with eosin, while with Van Gieson’s stain it presents a yel- 
low color. Occasionally this hyaline layer may show areas in which 
it is more granular and takes a mauve stain in the hematoxylin and 
eosin preparations: these are obviously areas of more acute necrosis. 
In one place there is a small mass of calcified material. The change 
apparently starts in the intima; the media usually cannot be made 
out, and whether it has been destroyed by the compression of the 
hyaline tissue or whether it is included in this tissue cannot be deter- 
mined. The adventitia is somewhat thickened. With an elastic 
tissue stain it is seen that the elastic fibers within the hyaline layer 
are fragmented and stain very poorly. Sometimes they are alto- 
gether lacking. In the adventitia elastic fibers are proliferated. The 
lumen of these vessels is on the whole about normal. Many contain 
thrombi, most of which are fresh, though some are older and hyaline. 

The arterioles have completely hyaline walls and often these walls 
are so thickened that the lumen is entirely lost. No separate layers 
can be seen with the hematoxylin and eosin stain; with elastic stain 
one can frequently observe a layer of elastic fibers outside the hya- 
line mass, apparently in the region of the adventitia. This hyaline 
change is often present in vessels of such small size that they may be 
considered as capillaries. 
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In and around the areas of necrosis the vessel walls are completely 
hyaline and structureless, and the lumina, such as they are, are occu- 
pied by thrombi which are usually of the same glassy character, 
rendering it difficult to differentiate thrombus from vessel wall. 
With the elastic stain the outlines of the vessels can be made out even 
in the most necrotic areas, since the elastic fibers are usually some- 
what preserved. 

The changes in the veins are very much less marked. In the areas 
of necrosis their walls are often hyaline and the lumina filled with 
hyaline thrombi. Apart from such regions the smaller veins show 
some slight thickening of the intima without any hyaline degenera- 
tion. The larger veins appear normal, but many of them contain 
large fresh thrombi in which the structure and the details of the cells 
can be observed clearly. 

In the kidney the vessels show very similar changes. The larger 
arteries show a little proliferation of the intima and reduplication of 
the internal elastic lamella. In the medium-sized vessels the changes 
are of the same nature but more marked in degree, the lumen being 
greatly encroached upon by the intimal proliferation. In the smaller 
arteries there is a hyaline change in the intima with disappearance 
of the media; the elastic fibers are fragmented and stain poorly. In 
the adventitia of some of the vessels may be seen leucocytes of which 
many are necrotic and fragmented. The arterioles are hyaline and 
often completely occluded; some show fragments of poorly staining 
elastic fibers. The hyaline change in places involves the glomerular 
loops and many of the glomeruli show an older hyaline replacement. 
In others the tissue around Bowman’s capsule is thickened and with 
elastic stain is found to contain several concentric layers of elastic 
fibers. Most of the tubules are collapsed and atrophic; a few are 
calcified. Occasionally a dilated tubule is seen containing hyaline 
casts or, more infrequently, blood. Around the hyaline glomeruli 
and the collapsed tubules is a round cell infiltration. 

CasE 2. A 52 year old female, who in this case also died as a re- 
sult of uremia resulting from arteriolosclerotic nephritis. The kid- 
neys were decreased in size, the capsule thickened and stripped with 
difficulty. The surface thus exposed was very uneven with wide 
gray translucent depressions and multiple small prominences. The 
organ was very hard and felt heavy. On section the cortex was 
greatly reduced and showed marked distortion of the cortical stria- 
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tions. Here and there were small bright red petechiae about 1 mm. 
in diameter, which suggested hemorrhages. The medulla was also 
reduced and the pelvis widened. Throughout the cortex the lumina 
even of the smallest arterioles were very clearly visible and ridgedly 
patent. The spleen showed but little increase in size. The capsule 
was slightly thickened and wrinkled. The pulp, on section, was seen 
to be brownish red and throughout could be seen numerous yellow 
or white areas, both small and large. 

Microscopically, in the spleen, the changes are essentially similar 
to those described in the first case. However, it may be stated that 
the degeneration of the vessel walls is of greater degree and appears 
to be, in part at least, of a more acute nature than that observed in 
the first case. The larger trabecular arteries show a thickening of the 
intima and a proliferation of the elastic lamella. In the larger follicle 
vessels a process resembling that of a dissecting aneurysm is some- 
times present. (A similar change was observed by Meuret.”) Lying 
beneath the endothelium and, as the elastic tissue stain shows, be- 
tween the layers of reduplicated elastic fibers, are collections of cells, 
both red cells and leucocytes. The vessel wall in such a place is often 
necrotic, granular, and takes a mauve stain with hematoxylin and 
eosin; in other places it is pink and hyaline. In many of the follicular 
arteries the elastic fibers are thinned and fragmented, taking the 
stain poorly. Not infrequently the adventitia shows a leucocytic 
infiltration. In many of the vessels a hyaline fibrin thrombus is 
present, forming a hollow tube around the whole periphery of the 
lumen while the center is patent. In such a place the various coats of 
the wall are distinct. 

The arterioles and capillaries are in the majority hyaline. Some, 
indeed, appear to be completely necrotic, even away from definite 
areas of necrosis, and take only a light pink stain. The hyaline 
change often occludes the lumen completely, but where this is not 
the case the vessel is usually plugged by a structureless thrombus. 
The majority of these hyaline arterioles are found to contain fine fat 
droplets throughout the hyaline material. The adventitia, as a rule, 
is thickened and contains proliferated fibers. This hyalin again 
stains yellow with Van Gieson’s stain. 

In the veins the intima is often thickened. Many of the medium 
and larger veins contain thrombi which are usually fresh, although 
sometimes hyaline, and occasionally old and well organized. In one 
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of the larger veins showing an organized thrombus there is a little 
calcification within the intima. 

The necroses are similar to those described in the first case but are 
less frequent, smaller and on the whole fresher, with less organiza- 
tion around the margin. With an elastic stain the outlines of the 
trabeculae and blood vessels may still be seen clearly. Fat is present, 
both free and intracellular, at the margin of the necroses. 

The malpighian corpuscles are decreased in size throughout. The 
sinusoids and the pulp are for the most part filled with blood, al- 
though irregular areas are seen in which the sinuses are empty. 

In the kidney the appearances are those of a malignant arteriolo- 
sclerotic nephritis of great severity. The larger arteries show pro- 
liferation of the intima with occasional necroses of the media; the 
elastic fibers are reduplicated. The change in the arterioles is the 
most conspicuous; the great majority are completely hyaline with 
occluded lumina. Some, however, show, in addition, necrosis of the 
walls with hemorrhage and leucocytic infiltration into the surround- 
ing tissues. The elastic fibers are fragmented and stain poorly. With 
a fat stain all these hyaline vessels are seen to contain fat in the form 
of fine droplets. The capillary loops of many of the glomeruli are 
also hyaline and occluded, and some of these glomerular tufts are 
adherent to the outer wall of the capsule. The tubules which corre- 
spond to such glomeruli occasionally contain red cells and leucocytes. 
Many of the glomeruli are completely replaced by hyaline connec- 
tive tissue, and the corresponding tubules are atrophied and col- 
lapsed. In such areas there is a conspicuous round cell infiltration. 


COMMENT 


When an attempt is made to elucidate satisfactorily the sequence 
of events in the spleen and to determine the factor or factors respon- 
sible for these events, but little evidence is yet available on which to 
base such an inquiry. The connection between Fleckmilz and 
chronic renal disease, usually of arteriolosclerotic type, seems to be 
clear. Lubarsch* comments on this and points out that his own 
four cases, together with those of Feitis' and Meuret,? show this 
association. We must, therefore, consider the changes in the spleen 
as a sequel or concomitant of the renal disease. 

The vascular changes in the spleen and kidney have much in com- 
mon. Since the deceased have, during their lives, usually shown 
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symptoms of renal disease lasting for months and even years, it 
might not be presumptuous to suggest that in such cases the renal 
disease has preceded that in the spleen where the changes are often 
so recent. If such be the case, the splenic change may be only a later 
result of the unknown factor attacking the kidney; on the other 
hand, it may be due directly to the progressive damage to the secre- 
tory mechanism of the kidney and the resultant retention of metab- 
olites in the blood. But whichever of these, if indeed either, is cor- 
rect, there is yet nothing to show why Fleckmilz appears in some 
cases of chronic renal disease and not in others. One can say at 
least that the degree of renal change is apparently not a factor. 

It seems doubtful whether the vascular changes in these spleens 
bear any relation to those hyaline changes which, as von Reckling- 
hausen * and more recently Herxheimer ° have pointed out, occur so 
frequently in the vessels of otherwise normal spleens. There is at the 
present time no clear understanding as to the significance of these 
hyaline arterioles which are found with increasing frequency from 
quite early childhood onward to old age. They have no definite rela- 
tion to any particular disease or group of diseases and must perhaps 
be considered as a peculiarity of the spleen itself. In cases of Fleck- 
milz there are certain important features which differ from those to 
be observed in the vessels of normal spleens. The obliterative endar- 
teritis which is so prominent in Fleckmilz is very rarely found in the 
“normal” arteriolosclerotic spleen; moreover, the arterioles and 
smaller arteries in the latter condition never show the more acute 
necrotic and destructive changes which are present in Fleckmilz 
and indeed characterize the condition. The multiple thrombi which 
arise probably in connection with this more acute necrosis are of 
course a characteristic of Fleckmilz. 

The fact that the hyaline arterioles stain with Van Gieson a dull 
yellow-red shows that the hyaline material must have been present 
for some time; and this for the reason that, in its early stage, such 
material is strongly acidophilic and takes a bright pink color, only 
later becoming more yellow — the color noted in these cases — and 
finally assuming a light canary hue. This hyaline change must, 
therefore, have preceded by some considerable time the thromboses 
and even more, the necroses of the pulp. Both of these, but espe- 
cially the latter, are fresh, and this is a feature which was present 
also in Lubarsch’s cases. Neither seems to be of more than a few 
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days’ duration. It might even be suggested that the final factor 
leading to the thrombosis of the vessels and the production of nec- 
roses must have something in common, if it be not identical, with the 
factor or factors producing the death of the patient.* 

The thrombosis of the veins which is present in these two cases 
has already been described by Lubarsch, and Feitis also found 
venous thrombi, albeit rarely, in his cases. These venous thrombi 
are even fresher than those in the arteries and in many cases must 
have been a terminal event. It is possible that they are secondary to 
the necroses to which they lie in direct relation. 


CONCLUSIONS 


As far as may be told from examining the changes in the spleen, 
the sequence of events in the cases described above would seem to be 
something as follows. Some toxic or other process leads to an endar- 
teritis obliterans of the larger and medium vessels and to a hyaline 
change of the smaller vessels (arterioles) in the kidney and spleen. 
At a later date this process becomes more acute with fulminant 
necrosis of the vessel walls and obliteration of the medium-sized and 
smaller arteries by means of thrombi. In this we would agree with 
Meuret who came to identical conclusions in regard to the two cases 
which he studied. Owing to the number of vessels involved, the 
blood supply to areas of the spleen is shut off or reduced below that 
minimal amount required for the maintenance of the vitality of the 
tissues, so that death and necrosis occur. At the same time this 
exacerbation of the arterial and arteriolar disease would seem to 
coincide, if it is not identical, with the factors which lead finally 
to the death of the patient. Death, therefore, results but a short 
time after the onset of the necroses in the spleen which, for this rea- 
son, are mostly fresh and show only very early organization at the 
margin. 


Note: My thanks are due to Professor A. Schmincke in whose 
laboratory this work was carried out. 


* It should be pointed out, however, that the changes in the spleen may often be of 
very much longer standing. Thus, in two cases observed at the Johns Hopkins Hospital, 
Baltimore, many of the infarcts were old and well organized and the arterial thrombi 
were organized and recanalated. Besides these older changes there were fresh throm- 
boses with resultant death of areas of the spleen just as in the two cases described in 


this paper. 
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TUMORS IN CAPTIVE PRIMATES * 


REPORT OF TWO CASES 


HERBERT L. RatcuiF¥e, Sc.D. 


(From the McManes Laboratory of Pathology of the University of Pennsylvania, 
and the Laboratory of Comparative Pathology of the Zovtogical Society of 
Philadelphia, Philadelphia, Pa.) 


The infrequent occurrence of tumors in apes and monkeys, as 
compared to other orders of wild animals maintained in zodlogical 
gardens,! might be taken as indicating a relative insusceptibility. 
However, as Zuckerman ” has recognized, the average span of life of 
the lower primates in captivity is considerably shortened by acute 
and chronic infections. In fact, the loss of life due to accidents of 
captivity reduces the average length of life to a small fraction of the 
“potential longevity.” * Also, as a rule, monkeys and apes are ob- 
tained as immature animals so that with the high mortality rate few 
live beyond the early years of maturity. Therefore, at least so far as 
malignant epithelial tumors are concerned, it is not surprising that 
the incidence is low. 

In view of these facts the two cases presented here are interesting, 
not only because of their rarity, but also because both animals had 
lived in captivity considerably longer than the average for their 
species. Their approximate age at capture is not known. 


REPORT OF First CASE 


The first of these cases was a female yellow baboon, Papio cyno- 
cephalus. The ovaries still contained active follicles when examined 
at autopsy, so perhaps it is permissible to put the age of this animal 
not beyond that comparable to the fourth decade for man. She had 
lived in the Philadelphia Zodlogical Garden for eighteen years and 
for a considerable part of this time had been kept in an outdoor cage 
during the entire year. No illness, loss of weight or appetite was 
evident prior to death, the body being found on the morning follow- 


* Received for publication September 11, 1931. 
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ing a cold night. Cage mates were not affected by the weather, so 
that death could not be attributed to that factor alone, although, in 
view of the rather meager postmortem findings, it may have had a 
considerable part. 

At autopsy the only visible changes were a mild myocardial 
fibrosis, a low-grade chronic enteritis, and an inconspicuous group of 
petechial hemorrhages on the surface of the pancreas. Only a small 
part of the pancreas, 1 to 2 cm., near the middle of the body of the 
organ was involved. The area was not diffusely congested, the organ 
seemed normal in consistency, fat necroses were not seen, there was 
no reaction in the surrounding mesentery, and regional lymph nodes 
were within normal limits. Hemorrhages were seen also on section 
through this part of the organ. 

Microscopic sections of the involved area presented the following 
appearance. In about half of the lobules included in the section, 
islands of Langerhans were not seen. Acinus cells were present only 
in small, isolated groups, occasionally forming irregular acini but 
usually having no definite arrangement. These cells were small and 
basophilic, and nuclei were pyknotic. The parenchyma of the organ 
in this region was completely replaced by small, closely placed duct- 
like structures growing in all directions (Fig. 1). These were made 
up of elongate pale staining cells with large vesicular nuclei, closely 
resembling those of the acinus extensions of the intralobular ducts 
(Fig. 2). Mitoses were rarely seen. The intra- and interlobular ducts 
in this area were, in many instances, also lined by hyperplastic 
epithelium frequently growing in folds or papilliferous elevations 
into the lumen, with loss of cellular polarity. The interlobular fi- 
brous tissue was definitely increased in amount and cellularity. Num- 
erous fibrous bands passed into the lobules dividing and subdividing 
them. Occasional small hemorrhages associated with an infiltration 
of polymorphonuclear eosinophils and neutrophils were present in 
the areas of fibrous tissue proliferation. 

The pancreatic lobules immediately adjacent to the area just de- 
scribed presented a transition stage between this and the nearby 
normal tissue (Fig. 3). Here there was a definite alteration in the 
appearance of the acinus and island cells. Numerous acini were dis- 
tinally malformed and the cells shrunken, and the islands of Langer- 
hans appeared to be undergoing degeneration. Here also, numerous 
small duct-like structures similar in every way to those in the com- 
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pletely altered area were growing between the acini, and fibrous 
tissue was increased in amount and cellularity. This intermediate 
change was obvious enough in regions adjacent to the completely 
altered area and gradually faded out as the normal lobules were 
approached (Fig. 3). This appearance gave the impression of a 
spreading growth or growth-stimulus that extended from one area 
outwards to involve adjacent parts of the organ. This change was 
evident also in single lobules in which part of the tissue was rela- 
tively unchanged, the remainder being replaced by the duct-like 
structures (Fig. 4). 

Certain features, particularly the small hemorrhagic areas with 
leucocytic infiltration, and the rarity of mitoses, may lead to the 
thought that the whole process is inflammatory. In fact this opinion 
has been expressed by some pathologists who have seen the sections. 
However, there is little to support this idea. Instead, the complete 
disappearance of normal pancreatic tissue in a considerable number 
of the lobules included in the sections; its replacement by a growth 
of duct-like structures; the apparent spreading character of the 
growth to adjacent lobules; the hyperplastic condition of the epithe- 
lium of the larger ducts, with loss of cellular polarity and the ac- 
companying increase in fibrous tissue, all seem to indicate a definitely 
malignant growth and to warrant the diagnosis of adenocarcinoma. 
The marked infrequency of mitoses was due probably to the fact 
that the body was thoroughly chilled for several hours after death. 
The inconspicuous size of the tumor seems to be explained by con- 
sidering this a chance finding of an early growth stage. 

A second interesting finding in this animal was the presence of a 
relatively large uterine polyp, about 3 cm. in diameter, growing 
from the mucosa of the right tube and extending into the uterine 
cavity. The base of this growth was constricted, giving it a pedun- 
culated appearance, and it seemed to be covered by an intact mu- 
cosa. In microscopic section the polyp was made up of dense cellu- 
lar fibrous tissue in which numerous closely placed epithelial-lined 
spaces were seen. Some of these were dilated and papilliferous pro- 
jections extended into them. The epithelium everywhere presented 
an orderly type of growth and the diagnosis of endometrial cyst- 
adenoma seems justified. 


I20 RATCLIFFE 


REPORT OF SECOND CASE 


The second case was a male Japanese Macaque, Macacus fuscatus. 
This animal had lived in the Gardens for over fifteen years but had 
been in poor health for two years before death. About six months 
before death he began to lose weight but continued to eat as usual, 
although he occasionally vomited after eating. Vomiting became 
progressively worse, so that finally he was unable to take solid food 
and was sacrificed. 

On opening the esophagus at autopsy an obstruction was encoun- 
tered at the cardia. For a space of 4 to 5 cm. the lower esophageal 
wall was 1 to 2 cm. thick and completely encircled by a tough, pale 
mass that destroyed the elasticity of the tube and caused an irregu- 
lar low-lying elevation of the mucosa, so that the lumen was practi- 
cally obstructed. The mass extended into the stomach as an irregu- 
lar elevation of the mucosa about the cardiac orifice. Areas of 
erosion or ulceration were not seen. Lymph nodes adjacent to the 
cardia and lesser curvature were enlarged, pale gray and tough. 
Several nodes of the splenic group were invaded also, but there was 
no involvement of the liver and other viscera. 

In microscopic section the submucosa and muscular coats of the 
esophagus and stomach were diffusely infiltrated by large groups of 
basophilic cells (Fig. 5). Many of these groups of cells occupied 
endothelial-lined spaces, probably lymphatics. In some areas there 
was also definite extension into the lymphatics of the gastric mucosa 
and the serosa. The infiltrating cells were generally of medium size, 
irregularly polyhedral in shape, with indefinite outlines and strongly 
basophilic nuclei. These cells closely resembled epithelium of the 
basal type. Mixed with the masses of small cells were numerous 
large ones with large, irregular dark staining nuclei. Occasional 
groups of pale cells approaching the acanthus type were also seen 
(Fig. 6). Mitoses, some multipolar, were numerous. These findings 
seem to indicate that this was a tumor of definite malignancy, appar- 
ently arising from squamous epithelium, and to justify the diagnosis 
of epidermoid carcinoma. 

An additional finding in this animal was the presence of a diffuse 
low-grade hyperplasia of the bile ducts without evidence of obstruc- 
tion. This was associated with cysts on the surface of the liver and 
may be only a part of the congenital defect represented in these 
structures. 
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DISCUSSION 


Five malignant tumors, four carcinomas and one sarcoma, have 
been found in monkeys dying at the Philadelphia Zodlogical Garden. 
These have all occurred in Old World monkeys, Cercopithecidae. 
The four animals which developed cancer had lived in captivity from 
eleven to eighteen years, with an average of plus fourteen years. 
This is more than three times the average length of life in captivity 
for the family. 

These data are extremely scanty and those from other sources do 
not allow comparison. However, the present series strongly sug- 
gests that the incidence of tumors in the order primates will more 
nearly approach that of other groups of wild animals in captivity as 
more correct hygiene in zodlogical gardens becomes reflected in an 
increased longevity. 


SUMMARY 


Two cases of malignant epithelial tumors in monkeys are de- 
scribed. The first was an early adenocarcinoma of the pancreas in a 
yellow baboon, Papio cynocephalus. An endometrial cystadenoma 
was found in this animal also. 

The second case was an epidermoid carcinoma of the esophagus in 
a Japanese macaque, Macacus fuscatus. In this animal there was also 
a diffuse hyperplasia of the bile ducts. 
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DESCRIPTION OF PLATE 


PLATE 21 


Fic. 1. Case 1. A photomicrograph of a completely altered area in the pan- 
creas. The tissue is replaced by duct-like structures. The small dark 
staining masses are remnants of acinus cells. The increased fibrous tissue 
isalsoshown. x 70. 


Fic. 2. Case 1. Showing the cellular character of the tumor growth which 
consists of duct-like structures. The component cells are large and pale 
with vesicular nuclei. The dark staining cells are remnants of acini. x 390. 


Fic. 3. Case 1. Showing a transition stage between the completely altered 
areas and a relatively unchanged lobule. In the upper half of the field dis- 
integration of the parenchyma of the pancreas, and the ingrowth of the 
duct-like structures is seen. The section of an adjacent lobule included in 
the lower part of the field shows it to be relatively normal. x 160. 


Fic. 4. Case 1. Showing the spread of the growth within a single lobule. The 
upper part of the field is the altered area, the lower relatively unchanged. 
X 160. 


Fic. 5. Case 2. This photomicrograph is taken from a section through the 
gastric mucosa and shows the extensive infiltration of the submucosa by 
groups of epidermoid cells. x 70. 


Fic. 6. Case 2. Showing a single group of the invading cells. Several of the 
included cells seem to approach the acanthus type. x 390. 
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